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FOREWORD 


This  report  is  one  in  a  Quartermaster  Corps  series  dealing  with  the 

MICROCLIMATE  AND  TOPOCLIMATE  OF  EXTREME  ENVIRONMENTS,  GENERALLY  THOSE  AT 

Department  of  the  Army  test  sites.  As. in  the  case  of  other  similar  studies, 

THE  MEASUREMENTS  AND  OBSERVATIONS  WERE  MADE  BY  PERSONNEL  OF  THE  US  ARMY 

Signal  Corps  in  accordance  with  instructions  given  by  the  author.  Contents 

OF  THIS  REPORT  ARE  TAKEN  MAINLY  FROM  THE  Ph.D.  DISSERTATION  COMPLETED 
DURING  THE  AUTHOR’S  GRADUATE  TRAINING  AT  HARVARD  UNIVERSITY  UNDER  QUARTER¬ 
MASTER  Corps  sponsorship. 

The  report  deals  mainly  with  the  vertical  distribution  of  tempera¬ 
ture  AND  WIND,  ANO  OF  RADIATION,  AT  TWO  GREATLY  CONTRASTING  SITES  AT 

Fort  Greely,  Big  Delta,  in  subarctic,  interior  Alaska.  These  sites,  one 

IN  A  CLEARING  AND  THE  OTHER  LOCATED  NEARBY  IN  A  CONIFEROUS  FOREST  (TAIGA), 
ARE  BELIEVED  TO  BE  REPRESENTATIVE  OF  MUCH  OF  THE  SUBARCTIC  WHERE  TROOPS 
MAY  BE  CALLED  UPON  TO  OPERATE  AND  IN  WHICH  QUARTERMASTER  CORPS  CLOTHING 
AND  EQUIPMENT,  AND  MATERIEL  DEVELOPED  BY  OTHER  TECHNICAL  SERVICES  (US 
Army),  must  function  efficiently  under  extreme  conditions. 

Results  of  this  study  show  that  large  differences  in  temperature, 

WIND,  SOLAR  RADIATION,  PRECIPITATION,  SNOW  COVER,  AND  SNOW  DEPTH,  OCCURRED 
BETWEEN  THE  TWO  STATIONS.  In  ADDITION,  LARGE  DIFFERENCES  IN  TEMPERA 
TuRE  AND  WIND  OCCURRED  AT  EACH  STATION.  A  KNOWLEDGE  OF  THE  VARIATIONS 
IN  CLIMATIC  ELEMENTS  BETWEEN  THE  GROUND  AND  AIR  (WITHIN  THE  "CLIMATE  OF 
THE  SOLDIER"),  AND  OF  THE  DIFFERENCES  THAT  OCCUR  BETWEEN  THE  SURFACE  AND 
STANDARD  WEATHER  SHELTER  HEIGHT  AS  WELL  AS  DIFFERENCES  BETWEEN  THE  TWO 
MICROCLIMATIC  STATIONS,  IS  ESSENTIAL  TO  A  COMPLETE  UNDERSTANDING  OF  THE 
EXTREME  PHYSICAL  ENVIRONMENT  OF  THE  SUBARCTIC  IN  WHICH  SC'LD'ERS  MU..T 
OPERATE  AND  SURVIVE. 
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ABSTRACT 


This  study  deals  with  the  microclimatology  of  two  greatly  contrasting 
sites  at  Tort  Greely,  Big  Delta,  Alaska;  one  in  a  coniferous  forest 
(taiga)  and  the  other  in  an  adjacent  clearing.  Continuous  measurements 

OF  THE  VERTICAL  DISTRIBUTION  OF  TEMPERATURE  AND  WIND,  *>ND  THE  MEASUREMENTS 
Or  SOLAR  RADIATION,  PRECIPITATION,  AND  GLOBE  THERMOMETER  TEMPERATURES, 
SUPPLEMENTED  BY  THE  USUAL  VISUAL  AND  MANUAL  OBSERVATIONS  AND  MEASUREMENTS, 
SUCH  AS  SKY  COVER ,  CLOUDS,  SNOW  DEPTH,  ETC  ^  WERE  CONDUCTED  FROM  JUNE  1 956 

ihrough  September  1957*  This  Report  presents  an  analysis  of  the  data 
for  two  months,  June  1956  (summer)  a*'"1  December  1956  (winter). 

The  spruce  forest  effectively  decreased  solar  radiation  received  at 

OR  NEAR  THE  SURFACE  OF  THE  GROUND  IN  BOTH  SUMMER  AND  WINTER.  In  JUNE, 
TOTAL  DAILY  SOLAR  RADIATION  IN  THE  FOREST  WAS  ONLY  ONE-THIRD  THAT  RECEIVED 
IN  THE  CLEARINGS.  In  DECEMBER,  NO  SOLAR  RADIATION  WAS  MEASURED  IN  THE 
FOREST,  THE  AMOUNTS  RECEIVED  BEING  TOO  WEAK  TO  ACTIVATE  THE  PYRHEL I OMETER, 
BUT  IN  THE  CLEARING  AS  MUCH  AS  20  LY  WERE  MEASURED  IN  ONE  DAY.  THE 

MAXIMUM  IN  THE  OPEN  IN  ANY  ONE  HOUR,  HOWEVER,  WAS  ONLY  10  LY. 

In  June,  3°  LY  0R  more  were  measured  in  the  forest  during  4  percent 

OF  THE  hours;  60  LY  OR  MORE  WERE  MEASURED  IN  THE  CLEARING  DURING  PER¬ 

CENT  OF  THE  HOURS. 

In  December,  it  was  found  that  ice  fogs  significantly  decreased 

AMOUNTS  OF  SOLAR  RADIATION  RECEIVED,  INDICATING  THAT  SOLAR  RADIATION  RE¬ 
CORDED  NEAR  CAMPS,  TOWNS,  AND  CITIES  (AREAS  HAVING  THE  GREATEST  FREQUEN¬ 
CIES  OF  THESE  fogs)  MAY  NOT  9E  REPRESENTATIVE  OF  AMOUNTS  ACTUALLY  RECEIVED 
ONLY  SHORT  DISTANCES  AWAY,  IN  THE  FIELD. 

In  June,  precipitation  measured  in  the  clearing  (4.65  IN*)  was 

ABOUT  20  PERCENT  GREATER  THAN  THAT  MEASURED  IN  THE  WOODS  (3*72  IN.) 

BECAUSE  OF  INTERCEPTION  BY  THE  TREES. 

In  December,  the  depth  of  snow  at  each  station  was  of  greater  import 
TANCE  TO  MICROCLIMATIC  RELATIONSHIPS  THAN  THE  AMOUNTS  OF  SNOWFALL  RECEIVED. 
IN  THE  FOREST,  THE  SNOW  COVER  AVERAGED  43.4  CM*  IN  DEPTH,  WHILE  IN  THE 
CLEARING  IT  AVERAGED  ONLY  22.1  CM.  THE  GREATER  INSULATION  AFFORDED  BY 
THE  DEEPER  SNOW  IN  THE  FOREST  AFFECTED  THE  TEMPERATURES  MEASUREO  IN  THE 
GROUND,  AT  THE  SURFACE,  AND  IN  THE  SNOW  ITSELF. 

The  VEGETATION  OF  THE  FOREST  AND,  IN  WINTER,  THE  DEEPER  SNOW,  WERE 
INSTRUMENTAL  IN  CAUSING  VERY  LARGE  DIFFERENCES  BETWEEN  THE  STATIONS  IN 
SOIL,  GROUND  SURFACE,  AND  ABOVE -SURFACE  TEMPERATURES.  AlR  TEMPERATURES 

*1  CM  =  0.4  INCH 
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ABOVE  50  CM,  HOWEVER,  WERE  GENERALLY  HOT  GREATLY  AFFECTED,  AND  EXCEPT  ON 
COLD,  CLEAR,  CALM  NIGHTS  DURING  WINTER,  FROM  5°  CM  TO  400  CM,  THERE  WERE 
ONLY  SMALL  DIFFERENCES  IN  AIR  TEMPERATURES  BETWEEN  COMPARABLE  LEVELS  AT 
THE  STATION,  OR  BETWEEN  CONSECUTIVE  LEVELS  AT  THE  SAME  STATION.  At  NO 
TIME  DID  A  STRONG  INVERSION  EXIST  BETWEEN  JjO  CM  AND  400  CM  AT  EITHER 
ST  ATI  ON. 

AT  BOTH  STATIONS,  THERE  WAS  Atl  INCREASE  IN  LAG  IN  SOIL  WARMING  WITH 
INCREASING  DEPTH  DURING  JUNE .  1 H I S  LAG  WAS  MUCH  GREATER  IN  THE  FOREST  THAN 

IN  THE  CLEARING. 

At  both  stations,  there  was  a  decided  damping  (reduction)  OF  SOIL 
TEMPERATURE  FLUCTUATIONS  WITH  INCREASING  DEPTH.  THIS  DAMPING  WAS  MORE 
PRONOUNCED  IN  THE  FOREST,  AND  WAS  ESPECIALLY  EVIDENCED  IN  JUNE  WHEN  TEM¬ 
PERATURES  AT  -60  CM  REMAINED  CONSTANT  AT  3'  ^  WHILE  IN  THE  CLEARING,  TEM¬ 
PERATURES  AT  THIS  SAME  DEPTH  HAD  ALREADY  INCREASED  FROM  BELOW  FREEZING 
(32F)  TO  BETWEEN  45F  AND  ^OF  . 

At  BOTH  STATIONS,  GREATEST  VERTICAL  DIFFERENCES  IN  TEMPERATURES 
OCCURRED  IN  THE  SOIL  AND,  IN  WINTER,  IN  BOTH  THE  SOIL  AND  SNOW,  RATHER 
THAN  IN  THE  AIR. 

IN  THE  FOREST  IN  SUMMER,  HIGHEST  TEMPERATURES  WERE  MEASURED  AT  THE 
SURFACE,  BUT  IN  THE  CLEARING,  HIGHEST  TEMPERATURES  WERE  MEASURED  AT 
-2-5  CM,  BECAUSE  OF  EVAPORATIVE  COOLING  WHICH  DECREASED  TEMPERATURES 
AT  THE  (GROUND)  SURFACE. 

Significant  inversions  in  air  temperatures  were  not  apparent  in 

WINTER,  EVEN  DURING  IDEAL  TIMES  OF  EXTREME  COLD,  CLEAR  SKIES,  CALM  AIR, 

AND  LONG  NIGHTS.  DURING  SUCH  TIMES,  HOWEVER,  NIGHTTIME  AIR  TEMPERATURES 
IN  THE  CLEARING  WERE  USUALLY  5  F  DEG.  TO  10  F  DEG.  LOWER  THAN  THOSE  OF 
THE  FOREST,  PROBABLY  DUE  IN  PART  TO  THE  LARGER  NET  NOCTURNAL  RADIATION 
LOSS  IN  THE  CLEARING.  RADIATION  LOSS  WAS  CAUSED  BY  THE  SPRUCE  TREES  AT 
THE  FOREST  STATION;  IN  ADDITION,  THE  TREES  THEMSELVES  RADIATED  TO  THL 
SURROUNDING  AIR. 

In  both  June  and  December,  weather  elements  such  as  clouds,  precipi¬ 
tation,  and/or  STRONG  WINrS  TENDED  TO  REDUCE  DIFFERENCES  IN  TEMPERATURES 
BETWEEN  THE  STATIONS,  PARTICULARLY  IN  THE  AIR  AND  SNOW.  THE  OCCURRENCE 
OF  THESE  CLIMATIC  ELEMENTS  IN  DECEMBER  SERVED  TO  RAISE  TEMPERATURES,  WHI LE 

in  June  they  tended  to  lower  them- 

The  modifying  influence  of  the  forest  on  wind,  especially  wind 
SPEEDS,  WAS  QUITE  PRONOUNCED.  IN  JUNE,  THE  STRONGEST  WIND  IN  THE  FOREST 
WAS  ONLY  3  MPH, WHILE  IN  THE  CLEARING  THE  STRONGEST  WAS  11  MPH.  In  DECEM¬ 
BER,  THE  STRONGEST  WIND  RECORDED  IN  THE  FOREST  WAS  8  MPH,  AND  IN  THE 
CLEARING,  16  MPH.  FROM  MEASUREMENTS  MADE  OF  WIND  SPEEDS  DURING  THIS 
STUDY,  IT  IS  BELIEVED  THAT  WINDS  STRONGER  THAN  10  MPH  WILL  OCCUR  VERY 
INFREQUENTLY  CLOSE  TO  THE  GROUND  (200  CM  OR  LESS)  IN  A  SUBARCTIC  TAIGA 


SUCH  AS  THAT  OF  THE  FOREST  STATION.  THE  WEAKER  WINDS  IN  THE  FOREST  RESULT 
IN  LESS  WINDCHILL  STRESS  ON  TROOPS,  OF  CRITICAL  IMPORTANCE  IN  WINTER, 

AND  ALSO  IN  REDUCED  HEATING  AND  FUEL  REQUIREMENTS  FOR  SHELTERS, 

IN  THE  CLEARING,  STRONGEST  WINDS  OCCURRED  AT  200  CM,  BUT  IN  THE 
FOREST,  STRONGEST  WINDS  OCCURRED  MOST  FREQUENTLY  CLOSER  TO  THE  GROUND,  AT 

30  cm.  Animal  trails,  the  absence  of  foliage,  and  the  fewer  branches 

AT  AND  NEAR  THE  GROUND  IN  THE  FOREST,  PERMITTED  FREER  CIRCULATION  OF  THE 
AIR  CLOSE  fO  THE  GROUND. 
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PART  I  -  INTRODUCTION 


1 ■  Location  and  significance  or  the  area 

Big  Delta,  Alaska,  occupies  that  part  of  the  Tanana  River  Valley 

NEAR  WHICH  THE  ALASKA  AND  RICHARDSON  HIGHWAYS  JOIN  IN  CENTRAL  ALASKA 
AND  CROSS  THE  TaNANA  UPSTREAM  FROM  ITS  JUNCTION  WITH  THE  DELTA  RlVER 
(Flu.  1).  IT  IS  LOCATED  AT  W-  LONGITUDE  AND  64°09'  N.  LATITUDE 

IN  SUBARCTIC,  INTERIOR  ALASKA,  ABOUT  100  MILES  SOUTHEAST  OF  FAIRBANKS. 


Figure  1 


Big  Delta  is  used  extensively  by  the  United  States  Army.  The  area 

WAS  FIRST  USED  BY  THE  ARMY  IN  JUNE  1^2  (U.S.  ARMY  CHEMICAL  CORPS,  1956)* 
AND  HAS  BEEN  USED  CONTINUOUSLY  SINCE  THAT  TIME  EXCEPT  FOR  THE  PERIOD 
FROM  SUMMER  1945  TO  FALL  1947*  IN  1948,  THE  ARMY  ARCTIC  INDOCTRINATION 

School  was  established  to  train  officers  and  men  in  Arctic  tactical 

CONCEPTS  AND  SURVIVAL  TECHNIQUES.  IN  1949*  THE  POST  WAS  REDESIGNATED 

the  Army  Arctic  Training  Center.  On  1  July  1955  THE  installation  was 
named  Fort  Greely  in  honor  of  General  Adolphus  W.  Greely,  arctic  ex- 
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PLORER  AND  PIONEER  OF  WHAT  IS  NOV/  THE  ALASKA  COMMUNICATIONS  SYSTEM.  FORT 
GREELY  IS  THE  NORTHERNMOST  PERMANENT  ARMY  POST  AND  HAS  MORE  THAN  1,000 
OFFICERS,  ENLISTED  MEN,  AMD  CIVILIANS  ENCACED  IN  TESTING,  TRAINING,  AND 
RESEARCH  AND  DEVELOPMENT. 

2.  Purpose  and  objectives 


The  primary  purpose  of  this  study  was  to  obtain  a  better  understanding 
of  the  actual  environment,  close  to  the  ground,  in  which  men,  animals, 
and  plants  live  in  the  Subarctic.  In  recent  years  increasing  emphasis 

H„S  BEEN  GIVEN  TO  STUDYING  THIS  MICROENVIRONMENT,  PARTICULARLY  THE  CLIMATE 

(Baum,  1948a,  1948b,  184yA,  1949b;  Baum  and  Court,  1949;  Thornthwai te, 

1949  and  195O;  F.  A.  Brooks,  195°;  Dodd,  195°)  •  Much  0F  THIS  W0RK  HAS 

BEEN,  AND  IS  BE  I NG , DONE  IN  TROPICAL  AND  TEMPERATE  REGIONS^  ALTHOUGH  THE 

International  Geophysical  Year  subst ani i ally  increased  research  conducted 

IN  POLAR  REGIONS.  THERE  IS  STILL  A  CRITICAL  LACK  OF  METEOROLOGICAL  AND 
CLIMATOLOGICAL  DATA  AND  INFORMATION  FOR  THE  ARCTIC  AND  SUBARCTIC,  HOWEVER, 
AND  MICROCLIMATIC  STUDIES  OF  ANY  MAGNITUDE  AND  SIGNIFICANCE  ARE  LACKING. 
The  need  for  further  RESEARCH  IN  METEOROLOGY,  CLIMATOLOGY,  and  MICRO¬ 
CLIMATOLOGY  in  the  Arctic  and  Slbarctic  is  discussed  in  publications  by 
Shelesnyak  (1950),  Olmstead  (1952),  University  of  Alaska  (1954),  Sverdrup 
(1954),  Dyer  ( 1955)/  AND  Thornthwai te  (1957)*  ,N  each,  the  urgency  for 
further  climatological  research  is  stressed  as  essential  for  solving 

PROBLEMS  IN  MANY  FIELDS  OF  SCIENCE. 

This  study  is  intended  as  a  contribution  to  a  better  knowledge  of 
the  climate  and  microclimate  of  a  subarctic  area.  The  objectives  listed 

BELOW  REFLECT  THIS  PURPOSE. 

A.  To  ANALYZE  DATA,  TO  DETERMINE  THE  DIFFERENCES,  AND  ThG  MAGNI¬ 
TUDE  AND  DIRECTION  OF  THESE  DIFFERENCES,  BETWEEN  A  SUBARCTIC  SPRUCE  FOREST 
(TAIGA)  AND  AN  ADJACENT,  UNVEGETATED  AREA,  BY 

(1)  Gathering  data  on  radiation,  temperature  (air,  soil, 

AND  snow),  WIND,  PRECIPITATION,  AND  SNOW  COVER  FOR  APPLICATION  TO  MILITARY 
AND  OTHER  PROBLEMS. 

(2)  Noting  and  emphasizing  the  differences  in  the  same 

CLIMATIC  ELEMENT  BETWEEN  THE  WOODED  AREA  AND  OPEN  AREA. 

(3)  Comparing  the  frequency  of  occurrence  and  the  duration 

OF  CLIMATIC  ELEMENTS,  BOTH  SINGLY  AND  COMBINED  WITHIN  SPECIFIED  LIMITS, 
BETWEEN  WOODED  AND  OPEN  SITES. 

B.  To  AIO  IN  THE  PRODUCTION  OF  CLIMATOLOGICAL  ESTIMATES  BY 
NOTING  THE  EFFECTS  OF  NATURAL  VEGETATION,  ESPECIALLY  IN  AREAS  WHERE 
WEATHER  STATIONS  ARE  SPARSE  AND  WEATHER  DATA  NOT  AVAILABLE. 
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Topography 


The  topography,  including  vegetation  and  permafrost,  of  the  Big  Delta 
AREA  IS  DESCRIBED  IN  PUBLICATIONS:  BENSIN  ( 1 952 ) ,  BLACK  (1951a,  1 95 1 B) , 

Holmes  and  Benninghoff  ( 1 957) ,  Hopkins  and  others  (1955),  Jackman  (1953), 

H.  A.  Johnson  (1953),  Kellog  and  Nygard  (1951),  Lutz  (1956),  MacKay  (1955), 
Mendenhall  (ltipd),  Mertie  ( 1937) ,  Muller  ( 1944) ,  Palmer  (1940),  Pewe  (1951, 
'955*,  1955b)/  P^we  and  others  (1953),  and  Raup  ( 1 9^5a) . 

The  Big  Delta  area,  drained  by  a  major  river,  the  Tanana,  includes 
both  multi ple-  glaci ated  and  unclaciated  terrain  (Pewc  and  others,  1953). 

The  area,  part  of  the  Tanana  River  Lowland,  slopes  upward  from  an  elevation 

of  ABOUT  1,000  FEET  AT  THE  TANANA  FLOOD  PLAINS  IN  THE  NORTH,  TO  1,500  TO 
l,/00  FEET  IN  THE  GLACIAL  MORAINE  NEAR  THE  FOOTHILLS  OF  THE  ALASKA  RANGE 

in  the  south.  Glacial  outwash  plains  (Pewe*)  1955*)  compose  much  of  the 
area.  It  is  upon  this  terrain  feature  that  Fort  Greely  is  located  and 

THE  MICROCLIMATIC  STUDY  DISCUSSED  HEREIN  WAS  CONDUCTED.  THESE  PLAINS  ARE 
BROAD  AND  GENTLY  SLOPING.  IN  MANY  SECTIONS  THERE  ARE  FEW  OR  NO  OLD  STREAM 
CHANNELS;  IN  a  FEW  SECTIONS  THE  SURFACE  IS  STREAM-SCARRED.  In  MOST  PLACES 
THE  UNDERL Y i MC  GRAVEL  IS  COVER! D  WITH  AT  LEAST  2  TO  6  INCHES  OF  SILT  (lOESs). 
In  SILT-FILLED  STREAM  CHANNELS,  MARSHES,  AND  MUSKEG,  HOWEVER,.  THE  GRAVEL 
MAY  BE  OVERLAID  BY  AS  MUCH  AS  10  FEET  OF  ORGANIC  SILT  AND  PEAT.  WITH 
FEW  EXCEPT  I  ONS,  THE  OUTWASH  PLAINS  ARE  COVERED  WITH  A  MODERATELY  DENSE 
GROWTH  OF  VEGETATION. 

The  Big  Delta  area  lies  in  the  region  of  discontinuous  permafrost 
(Black,  1 95 1 B J  Hopkins,  et  al.,  1955/  p<  1l6),  but  permafrost  is  apparently 

ABSENT  OR  VERY  DEEP  AT  THE  SITE  OF  THE  MICROCLIMATIC  STATIONS.  THESE 
STATIONS,  LOCATED  ON  THE  OUTWASH  PLAIN,  ARE  UNDERLAID  BY  MANY  FEET  OF 
GRAVEL,  AND  DRAINAGE  IS  GOOD. 

According  to  Kuchler  0953)/  THE  B|G  Delta  area  lies  within  the  broad, 

NEEDLELEAF  EVERGREEN  FOREST  OR  TAIGA,  CALLED  THE  LICHEN  WOODLAND  BY 
DANSEREAU  (1955),  ANO  THE  FOREST  TUNDRA  BY  HUSTICH  ( 1953) ,  WHICH  EXTENDS 
ACROSS  THE  NORTHERN  PARTS  OF  THE  EURASIAN  AND  NORTH  AMER I  C AN  CONTINENTS. 

With  few  exceptions,  the  outwash  plains  are  covered  with  a  moderately 

DENSE  GROWTH  CONSISTING  PRIMARILY  OF  ASPEN,  WHITE  AND  BLACK  SPRUCE,  BIRCH, 
COTTONWOOD,  ALDER,  AND  WILLOWS  (FlG.  2).  TREES  ARE  MOSTLY. 15  TO  25  FEET 
IN  HEIGHT,  BUT  A  FEW  ARE  3°  OR  35  FECT  HIGH.  THE  WOODS  CONTAIN  AN  UNDER¬ 
GROWTH  OF  MANY  TYPES  OF  SMALL  SHRUBS,  AND  THE  GROUND  SURFACE  IS  COVERED 
WITH  A  MOSS-LICHEN  MAT  THAT  VARIES  IN  THICKNESS  FROM  SEVERAL  I  NCHF.S  TO 
NEARLY  A  FOOT.  ONE  OF  THE  MICROCLIMATIC  STATIONS  AT  FORT  GREELY  WAS 
PLACED  IN  SUCH  A  MIXED  CON  * FEROUS -DEC  I DUOUS  WOODS  ( Fl G-  3)  AND  THE  OTHER 
WAS  INSTALLED  IN  A  CLEARED,  OPEN  AREA  NEARBY  (FlG.  4). 

4.  Climate 

The  climate  of  the  Big  Delta  area  is  discussed  in  detail  by  Duff  and 
Diehl  (1952),  Ehrlich  (1953),  de  Percin,  Falkowski  and  Miller  (1955), 
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Figure  2:  Vegetation  on  the  cutwash  plain.  Trees  arc 

PREDOMINANTLY  BLACK  AND  WHITE  SPRUCE ,  AND  ASPEN. 


Mitchell  ( 1 955) >  DE  Percin  ano  Falkowski  (1956),  Evans  ( 1 957) >  Hastings 
(1959)>  AN0  DE  PENCIN  AND  pARMELE  (i960),  AND  IN  PUBLICATIONS  OP  THE 
U.S.  Army  Air  Force  ( 1 9^3*>  19^3®) >  AND  U.S.  Air  Force  (1952)* 

The  Big  Delta  area  has  long,  cold,  dry  winters  and  relatively  short, 
mild,  cloudy  summers.  The  climate,  like  that  or  other  arctic  and  sub¬ 
arctic  AREAS,  is  CHARACTER i ZED  BY  LONG  HOURS  OF  SUNLIGHT  DURING  THE  WARM 
season,  May  to  August,  and  by  a  minimum  number  or  hours  during  the 
COLDEST  PART  OF  THE  YEAR,  NOVEMBER  TO  MARCH.  FIGURE  5  SHOWS  ABOUT  21 
HOURS  or  SUNLIGHT  AT  THE  SUMMER  SOLSTICE,  JUNE  21.  IT  IS  NEVER  ACTUALLY 
DARK,  HOWEVER,  FOR  TWILIGHT  PERSISTS  DURING  THE  OTHER  THREE  HOURS. 

5»  Microclimatic  studies 


a..  General 

The  Civil  Aeronautics  Administration  (CAA)  weather  station, 
located  at  the  Big  Delta  Airfield,  serves  as  the  first-order  weather 
station  for  the  area.  This  station  has  been  in  operation  since  October 
19^5  and  15  tears  of  hourly  and  special  weather  observations  have  been 
compiled.  These  data  provide  a  long-period  record  for  use  when  con¬ 
ducting  climatic  studies  of  the  area. 
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Figure  4:  OPEN  microclimatic  station.  The  few  plants 

ON  THE  GROUND  ARE  GRASSES  AND  WEEDS,  BUT  THE  SURFACE 
IS  LARGELY  BARE. 


SUNLIGHT  -  DARKNESS  GRAPH  FOR  BIG  DELTA.  ALASKA 
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Figure  5:  Sunlight  —  darkness  graph  for  Big  Delta, 
Alaska 


The  two  microclimatic  stations  were  placed  only  1  1/2  miles  from  the 
CAA  station.  Data  for  sky  cover,  clouds,  precipitation  (including  snow¬ 
fall),  PRESSURE,  AND  HUMIDITY,  ELEMENTS  NOT  RECORDED  AT  THE  MICROCLIMATIC 
SITES,  WERE  AVAILABLE  FROM  THIS  STATION  FOR  THE  ENTIRE  STUDY  PERIOD 
(U.3.  Dept,  of  Commerce,  1956)*  Data  from  the  CAA  station  also  include 

STANDARD  OBSERVATIONS  OF  TEMPERATURE  AND  WIND,  BUT  RADIATION  IS  NOT 
ML ASUKLU . 

The  CLOSENESS  OF  THE  THREE  STATIONS  MADE  IT  POSSIBLE  TO  USE  CAA 
STATION  DATA  RELATING  TO  SKY  COVER,  CLOUDS,  AND  PRECIPITATION  WITH  CON¬ 
FIDENCE.  Wind  speed  and  direction,  and  humidity  are  strongly  influenced 
BY  LOCAL  CONDITIONS,  THEREFORE  MEASUREMENTS  MADE  AT  THE  CAA  STATION 
COULD  NOT  BE  USED  TO  DESCRIBE  ACCURATELY  CONDITIONS  AT  THE  MICROCLIMATIC 
STATIONS,  ESPECIALLY  AT  THt  WOODS  STATION. 

■a.  Microclimatic  stations 

The  microclimatic  stations  established  at  Fort  Greely  were 

LOCATED  ABOUT  ONE-HALF  MILE  NORTHEAST  OF  THAT  INSTALLATION  ( Fl G.  6). 

To  REDUCE  THE  POSSIBILITY  OF  DAMAGE  TO  INSTRUMENTS  AND  EQUIPMCNT,  A 
WOODED  AREA  APPROXIMATELY  ONE-HALF  MILE  SQUARE  WAS  POSTED  AS  "OFF-LIMITS" 
FOR  MILITARY  AND  CIVILIAN  PERSONNEL. 
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LOCATION  OF  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
WOODS  O  OPEN  ★ 
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Selection  of  the  exact  location  of  each  station  was  governed  by  a 

NEED  FOR  A  HEATED  SHELTER  (DURING  WINTER)  WHICH  HAD  A  CONSTANT  SOURCE  OF 
ELECTRIC  POWER  FOR  HOUSING  THE  RECORDING  ELEMENTS  OF  ELECTRICAL  INSTRU¬ 
MENTS.  The  LOCATION  FINALLY  SELECTED  WAS  THE  BEST  AVAILABLE  FOR  PRO¬ 
VIDING  THESE  FACILITIES  AND  WAS  SITUATED  SUFFICIENTLY  FAR  FROM  THE  MAIN 
CONCENTRATION  OF  BUILDINGS  TO  MAKE  THEIR  INFLUENCE  UPON  THE  WEATHER  ELE¬ 
MENTS  BEING  MEASURED  NEGLIGIBLE.  An  INSULATED  JAMESWAY  SHELTER  WAS  USED 
TO  HOUSE  RECORDERS  (FlG.  7).  THIS  SHELTER  SERVED  ALSO  AS  AN  OFFICE  FOR 
MEMBER S  OF  SiGNAL  CORPS  METEOROLOGY  TEAM  NUMBER  4,  WHO  WERE  RESPONSIBLE 
FOR  MAINTAINING  AND  SERVICING  ALL  INSTRUMENTS,  AND  FOR  MAKING  MANUAL  AND 
VISUAL  ODSERVAT I ONS  AND  MEASUREMENTS  OF  CONDITIONS  SUCH  AS  PRECIPITATION, 
SNOW  DEPTH,  AND  SNOW  COVER. 

(  1  )  DESCR I PTI ON  OF  SITES 

( a)  WOODS  STATION 

This  station  was  located  in  a  moderately  dense  spruce 

FOREST  IN  WHICH  ARE  FOUND  SEVERAL  DECIDUOUS  TYPES.  THE  TREES  ARE  20  TO 
30  FEET  TALL,  WITH  A  FEW  REACHING  &  FEET.  THE  STATION  WAS  ABOUT  50 
YARDS  INSIDE  THE  EASTERN  EDGE  OF  THE  WOODS.  THE  DISTANCE  OF  THE  STATION 
INTO  THE  FOREST  WAS  LIMITED  BY  A  MAXIMUM  DISTANCE  OF  JOO  FEET  OVER  WHICH 


Figure  7:  Arrangement  of  recording  instruments  in 
Jamesway  shelter. 
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THERMOCOUPLES  COULD  NOT  BE  PLACED  FROM  RECORDERS • 


During  the  installation  of  instruments  every  effort  was  made,  and 

PRECAUTION  TAKEN,  NOT  TO  DISTURB  THE  NATURAL  SETTING.  THE  ONLY  ARTIFICIAL 
FEATURES  WERE  THE  BARRIER  AND  FENCE  REQUIRED  TO  PREVENT  DAMAGE  BY  WILDLIFE. 

(b)  OPEN  STATION 

This  station  was  located  in  an  open  area  about  one- 

quarter  MILE  SQUARE.  THF  SURFACE  COVER  IS  COMPOSED  OF  A  FEW  GRASSES 
AND  WEEDS  INTERSPERSED  WITH  LARGE  PATCHES  OF  BARE  GROUND.  THE  OPEN 
STATION  WAS  ABOUT  1 50  YARDS  DIRECTLY  EAST  OF  THE  WOODS  STATION,  AND  ABOUT 
100  YARDS  FROM  THE  EDGE  OF  THE  FOREST. 

TO  FACILITATE  COMPARISONS,  INSTRUMENTS  USED,  AND  MEASUREMENTS  AND 
OBSERVATIONS  TAKEN  AT  THE  STATIONS  WERE  IDENTICAL.  PROCUREMENT  OF  INSTRU¬ 
MENTS,  THEIR  INSTALLATION  AND  MAINTENANCE,  AND  THE  ACCURACY  AND  RELIABILITY 
OF  MEASUREMENTS  AND  OBSERVATIONS  WERE  THE  RESPONSIBILITIES  OF  SCIENTISTS 
AND  OBSERVERS  OF  THE  SIGNAL  CORPS.  ALL  SERVICES  WERE  PROVIDED  IN  ACCORD¬ 
ANCE  WITH  REQUESTS  AND  INSTRUCTIONS  hrCE  I VED  FROM  THE  AUTHOR,  WHO  ALSO 
PREPARED  THE  OPERATING  PROCEDURE  TO  BE  FOLLOWED  BY  MEMBERS  OF  THE  SIGNAL 
Corps  Meteorology  Team  at  Big  Delta  during  the  study. 

(2)  Methods  used  in  measuring  climatic  elements 
(  a)  Radiation 

Continuous  radiation  measurements  were  made  at  the  sites 
WITH  AN  EPPLEY  PYRHEL I OMETER,  EXPOSED  HORIZONTALLY,  AT  A  HEIGHT  OF  ABOUT 
6  1/2  FEET  (2  METERS).  Th|S  INSTRUMENT  MEASURES  TOTAL  INCOMING  SHORTWAVE 
SOLAR  RADIATION  ( SUN  AND  Sky)  ON  THE  HORIZONTAL  SURFACE  AND  IS  SENSITIVE 
TO  ALL  WAVELENGTHS  LESS  THAN  2*5  MICRONS.  ITS  USE  IN  THE  ARCTIC  IS  DIS¬ 
CUSSED  by  MacDonald  ( 1 95 0 ♦ 

In  THIS  STUDY,  ALL  RAO  I  AT  I  ON  VALUES  ARE  EXPRESSED  IN  LANGLEYS  (ly), 

ONE  GRAM-CALORIE  PER  SQUARE  CENTIMETER,  OR  3'&9  BRITISH  THERMAL  UNITS 
(BTU)  PER  SQUARE  FOOT  AND  THE  PERIOD,  HOUR  OR  DAY,  IS  INDICATED.  A 
POTENTIOMETER  WAS  USEO  FOR  RECORDING  MEASUREMENTS  MADE  BY  THE  PYRHEL 10- 
METERS.  This  instrument  provided  a  continuous  record  of  solar  radiation 
FROM  SUNRISE  TO  SUNSET.  FROST  ON  THE  GLASS  BULB  IS  ONE  OF  THF  MOST  SERIOUS 
SOURCES  OF  ERROR  WHEN  USING  A  PYRHEL I OMETER  IN  COLD  REGIONS.  SIGNAL  CORPS 
OBSERVERS  AT  BlG  DELTA  MADE  EVERY  EFFORT  TO  KEEP  THE  PYRHEL I OMETER  FREE 
FROM  FROST  OR  SNOW  AND  RECORDED  THE  FEW  OCCASIONS  WHEN  THIS  WAS  NOT  POSSIBLE. 

(b)  Temperature 


Twelve.  TEMPERATURE  MEASUREMENTS  WERE  MADE  at  DIFFERENT  LE\CLS 


9 


AT  EACH  SITE  BY  USING  T  liCRMCC  L  E  C  Tfi  I  C  THERMOMETERS,  OR  THERMOCOUPLES,  AS 
MEASURING  JUNCTIONS.  THESE  THERMOCOUPLES,  OF  COPPER  AND  CONSTANTAN  WIRE, 
WERE  FABRICATED  AMD  CALIBRATED  AT  THE  ARMY  ELECTRONIC  PROVING  GROUND, 

U.S.  Army  Signal  Corps,  Fort  Huachuca,  Arizona.  Copper-const antan  wire 

WAS  USED  BECAUSE  11  AFFORDS  A  LARGE  ELECTROMOTIVE  FORCE  PER  DEGREE  DIF¬ 
FERENCE  OF  TEMPERATURE,  ABOUT  40  MICROVOLTS  PER  DEGREE  CELSIUS  AT  METEORO¬ 
LOGICAL  TEMPERATURES  (DlKE,  1 95^ A  pp*  8-15) •  ALTHOUGH  THE  RELATION  BETWEEN 
E.M.F.  AND  TEMPERATURE  DIFFERENCE  IS  NOT  ACTUALLY  LINEAR,  ITS  DEPARTURE 
FROM  LINEARITY  IS  SELDOM  OT  IMPORTANCE  OVER  THE  RANGE  OF  TEMPERATURES 
MEASURED  IN  METEOROLOGICAL  WORK  (MiDDlETON,  KNOWLES  AND  SplLHAL'3,  1953, 

pp.  db-yi).  Measurements  were  recorded  by  means  of  12-point  recording 

POTENTIOMETERS.  THESE  INSTRUMENTS,  CALIBRATED  F OR  USE  WITH  COPPER- 
CONST  ANTAN  WIRE  AND  THERMOCOUPLES,  HAVE  A  PRINT  CARRIAGE  SPEED  OF  12 
SECONDS,  A  PRINT  SPEED  OF  15  SECONDS,  AND  A  CHART  SPEED  OF  10  INCHES  PER 
HOUR.  TO  FACILITATE  COMPILATION  OF  THE  DATA  FROM  THE  CHARTS,  UNI -COLORED 
NUMBERED  PRINT  WHEELS  WERE  USED;  A  TIMING  ATTACHMENT  LIMITED  RECORDING  BY 
EACH  INSTRUMENT  SO  THAT  A  TEMPERATURE  MEASUREMENT  CYCLE  WAS  MADE  ONLY 
ONCE  EACH  HOUR.  TWO  RECORDERS  WERE  IN  USE  AT  ALL  TIMES  AND  A  THIRD  WAS 
AVAILABLE  FOR  USE  AS  A  SPARE. 

Air  TEMPERATURES  WERE  MEASURED  AT  THE  FOLLOWING  HEIGHTS!  7.5  CM 

(3  inches),  25cm  (10  inches),  50  CM  (20  INCHES),  100  CM  (40  inches), 

200  cm  (80  inches),  and  400  cm  (160  inches).  In  addition,  during  summer, 

CONTINUOUS  BLACK  GLOBE  TEMPERATURE  MEASUREMENTS,  OF  INTEREST  TO  BIO¬ 
CLIMATOLOGISTS  AND  PHYSIOLOGISTS,  WERE  MADE  AT  EACH  SITE  AT  THE  200  CM 
LEVEL.  The  GLOBE  THERMOMETER  IS  AN  INSTRUMENT  USED  FOR  MEASURING  THE 
TEMPERATURE  OF  A  BODY  EXPOSED  IN  THE  OPEN  NOT  ONLY  TO  THE  AIR  TEMPERATURE 
AND  WIND,  BUT  ALSO  TO  SOLAR  RADIATION  AND  REFLECTED  GROUND  RADIATION. 

Measurements  made  with  this  instrument  provide  data  which  can  be  used  to 

•  LL  G.PATF  THE  EFFECTS  Or  AND  EXCHANGE  OF,  RADIATION  BETWEEN  MAN  AND  HIS 

ronma >-? .  Wool ock  et  al  ( i 937#  pp'  1-9)  have  shown  that  in  sunlight 

A  gray  •  'V  .-*■;•-<)  GLOBE,  HAVING  A  REFLECTION  COEFFICIENT  OF  5°  PERCENT, 

GIVES  A  MORE  REPRESENTATIVE  READING  TliAN  THE  BLACK  GLOBE. 

IN  WINTER,  THE  THERMOCOUPLES  USED  FOR  MEASURING  THE  GLOBE  TEMPERATURES 
WERE  REMOVED  AND  USED  TO  MEASURE  THE  SNOW  TEMPERATURE.  DURING  THIS  SEASON, 
GLOBE  MEASUREMENTS  WERE  MADE  WITH  A  STANDARD  ALCOHOL  THERMOMETER  WHICH  WAS 
RF *0  THREE  TIMES  EACH  DAY  AT  08l5,  1215,  AND  l6<0.  LOCATIONS  OF  THERMO¬ 
COUPLES  (in  shields)  and  GLOBE  THERMOMETER  ARE  SHOWN  IN  FIGURES  3  AND  4. 

The  HEIGHTS  SELECTED  FOR  MEASURING  AIR  TEMPERATURES,  EXCEPT  FOR  THE  400  CM 
LEVEL,  ARE  THOSE  WITHIN  WHICH  MOST  HUMAN  ACTIVITY  TAKES  PLACE  (20Q  CM  AND 

below).  Most  rapid  temperature  changes  and  significant  differences  in 

TEMPERATURE  ARE  EXPERIENCED  CLOSE  TO  THE  GROUND  AND,  FOR  THIS  REASON, 

THE  MAJORITY  (4  OF  6)  OF  THE  AIR  TEMPERATURE  MEASUREMENTS  WERE  MADE  BETWEEN 
THE  GROUND  SURFACE  AND  THE  100  CM  LEVEL. 

Soil-temperature  measurements  were  made  in  a  manner  identical  to 

THOSE  MADE  FOR  AIR  TEMPERATURES.  THERMOCOUPLES  WERE  PLACED  AT  THE  FOLLOWING 
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depths:  -60  cm  {-2h  inches),  -30  cm  (-12  inches).,  -4^-cm  (-6  inches), 

AND  -2.5  cm  (-1  inch),  AND  AT  THE  SURFACE.  FOR  CONVENIENCE,  THE  SURFACE 
THERMOCOUPLE  IS  SOMETIMES  REFERRED  TO  AS  THE  0  CM  THERMOCOUPLE,  BUT  IT 
MUST  BE  EMPHASIZED  THAT  AT  THIS  AND  THE  OTHER  LEVELS  SOME  SMALL  VARIATION 
IS  TO  BE  EXPECTED  FROM  THE  DEPTHS  AND  HEIGHTS  INDICATED. 

The  SURFACE  THERMOCOUPLE  WAS  COVERED  VERY  THINLY  WITH  SOIL  AT  THE 
OPEN  STATION.  At  the  WOODS  STATION,  the  THERMOCOUPLE  was  imbedded  IN  THE 
MOSS  COVER  JUST  BELOW  ITS  SURFACE.  THE  MEASUREMENT  OF  SURFACE  TEMPERA¬ 
TURES,  ESPECIALLY  OF  A  SNOW  SURFACE,  IS  EXTREMELY  DIFFICULT.  IT  HAS  BEEN 
THE  EXPERIENCE  OF  THE  AUTHOR  AND  OF  OTHERS  WITH  WHOM  HE  HAS  DISCUSSED  THE 
PROBLEM,  THAT  THERE  IS  NO  AGREEMENT  AS  TO  WHAT  CONSTITUTES  THE  SURFACE, 

AND  THE  ACCURATE  MEASUREMENT  OF  SURFACE  TEMPERATURE  ON  A  CONTINUOUS  BASIS 
IS  DIFFICULT  WITH  CURRENT  TECHNIQUES  AND  INSTRUMENTATION. 

Thermocouples  remained  fixed  during  the  period  of  the  study  except 

FOR  THE  ONE  USED  FOR  BLACK  GLOBE  AND  SNOW-SURFACE  TEMPERATURE  MEASUREMENTS. 
When  there  WAS  A  snow  COVER,  THERMOCOUPLES  AT  the  LOWEST  levels  were 
COVERED  WITH  SNOW,  USUALLY  TO  A  GREATER  DEPTH  AT  THE  WOODS  THAN  AT  THE 

OPEN  station.  Because  men,  animals,  and  plants  are  active  in  or  under 
snow  (Pruitt,  1 957 i  Beckel,  1957)  snow  temperatures  are  of  interest  and 
importance.  They  provide  information  concerning  the  insulating  properties 

OF  A  SNOW  COVER,  THAT  IS,  THE  PROTECTION  AFFORDED  BY  THE  SNOW  TO  THE  GROUND 
SURFACE  BENEATH  FROM  THE  EXTREME  COLD  AIR  ABOVE.  SNOW,  ESPECIALLY  NEW 
SNOW,  HAS  AIR  TRAPPED  WITHIN  IT,  AND  SERVES  AS  AN  EXCELLENT  INSULATOR  FOR 
THE  GROUND  ( AND  PLANTS  AND  ANIMALS)  BENEATH. 

(c)  Wind 

Continuous  measurements  of  wind  speed  wfre  made  at 

LEVELS  OF  30  CM  AND  200  CM.  MEASUREMENTS  WERE  MADE  BY  FOUR  BECKMAN  AND 

Whitley  Climatic  Survey  Systems.  Each  of  these  systems  consisted  of 

WIND-SPEEO  AND  WIND-DIRECTION  TRANSMITTER  UNITS,  EACH  HAVING  A  3-CUP 
ANLMOMLTER  MADE  OF  LIGHT  PLASTIC  AND  a  SIMPLE  WIND  VANE,  AND  TWO  ESTER- 

line-AnHus  Recorders.  The  anemometers  had  threshold  values  of  l/2  mile 

PER  HOUR,  AND  VALUES  OBTAINED  WERE  ACCURATE  TO  VERY  LOW  WIND  SPEEDS. 

IN  ORDER  TO  MAINTAIN  HEIGHTS  ABOVE  THE  SNOW  SURFACE  DURING  WINTER, 

THE  WIND-DIRECTION  AND  WIND-SPEED  TRANSMITTER  UNITS  (WIND  VANES  AND 
ANEMOMETERS)  AT  THE  200-CM  AND  30-CM  LEVELS  WERE  PLACED  ON  WOODEN  PLAT¬ 
FORMS.  Each  day  the  wind  instruments  were  checked  to  make  certain  that 

THESE  PLATFORMS  WERE  KEPT  AT  THE  SAME  HEIGHT  AS  THE  SNOW  SURFACE. 

(d)  Precipitation 

Precipitation  measurements  were  made  with  standard, 
non-recording,  8-inch  precipitation  gages.  Measurements  made  at  the  OPEN 
station  during  the  warm  months,  May  through  August,  were  considered  to 
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BE  ACCURATE-  THE  8-llMCH  GAGE  .  I THOUT  WINDSHIELD  IS  THE  STANDARD  INSTRU¬ 
MENT  USED  FOR  MEASURING  RAINFALL  AT  MANY  OFFICIAL  U-S.  WEATHER  BUREAU 
STATIONS.  The  USE  OF  THIS  INSTRUMENT  AT  THE  WOODS  STATION  MAY  NOT  HAVE 
PROVIDED  AN  ACCURATE  MEASURE  OF  THE  RAINFALL  IN  THE  FOREST  AS  A  WHOLE, 

BUT  IT  DID  PROVIDE  INFORMATION  AS  TO  THE  ACTUAL  FALL  AT  THAT  SITE.  THESE 
DATA  PROVED  OF  PARTICULAR  SIGNIFICANCE  WHEN  ANALYZING  AND  INTERPRETING 
SOIL  TEMPERATURES  COMPILED  FROM  MEASUREMENTS  MADE  ONLY  A  FEW  FEET  FROM 

the  gage.  The  catches  of  the  gages  during  the  cold  part  of  the  year  were 

NOT  RELIABLE,  AS  THEY  WERE  NOT  EQUIPPED  WITH  WINDSHIELDS  AND  AMOUNTS  OF 
DRIFTING  SNOW  CAUGHT  COULD  NOT  BE  DETERMINED.  THE  DIFFICULTIES  ENCOUNTERED 
IN  MEASURING  SNOWFALL  AND  ITS  WATER  EQUIVALENT,  AND  ERRORS  INVOLVED,  HAVE 
BEEN  THE  SUBJECT  OF  MUCH  DISCUSSION  (ALTER,  1J3 7>  C.  F.  BROOKS,  193&A, 

1938b,  19*10;  Kurtyka,  1953 i  Middleton,  Knowles,  and  Spilhaus,  1953>  pp* 
126-29;  Warnick,  1953;  Black,  195*0*  Also,  it  has  been  demonstrated  by 
Horton  (1919)>  who  conducted  very  complete  experiments,  that  the  use  of 

THE  STANDARD  PRECIPITATION  GAGE  IS  UNSUITABLE  FOR  MEASURING  PRECIPITATION 
IN  FORESTS.  IN  FORESTS,  TROUGH-TYPE  GAGES  ARE  REQUIRED,  AND  SEVERAL  OF 
THESE  GAGES  SHOULD  BE  SCATTERED  THROUGHOUT  THE  WOODED  AREA  IN  WHICH  PRE¬ 
CIPITATION  IS  TO  BE  RECORDED.  At  THE  CAA  STATION,  GAGES  WERE  SHIELDED 
AND  DATA  AVAILABLE  FOR  THIS  STATION  WERE  USED  AS  A  MEASURE  OF  THE  PRE¬ 
CIPITATION  RECEIVED  IN  THE  AREA  DURING  THE  COLDER  PERIODS  OF  THE  STUDY. 

Snow  depths  were  required  in  interpreting  the  temperature  measurements, 

AND  THESE  OBSERVATIONS  WERE  TAKEN  DAILY  AT  08l 5*  CURING  PERIODS  OF 
SNOWFALL,  OR  OF  BLOWING  SNOW,  HOWEVER,  MEASUREMENTS  WERE  MADE  THREE  TIMES 
DAILY,  AT  0815,  1215,  AND  1 63O * 

Snow  cover  strongly  influences  the  temperatures  of  the  air  and  ground. 
Snow-depths  were  required  for  each  station  in  order  to  determine  which 

OF  THE  THERMOCOUPLES  AT  THE  LOWER  LEVELS  WERE  COVERED  BY  THE  SNOW. 

(e)  Sky  cover,  clouds,  and  humidity 

Data  on  clouds  and  sky  cover  were  obtained  from  the 
CAA  station.  These  data  were  representative  of  conditions  at  the  micro¬ 
climatic  stations  because  of  the  closeness  of  these  to  the  CAA  STATION. 

Humidity  measurements  were  not  made  at  the  microclimatic  stations. 

RAE  (195*1)  considers  the  measurement  of  humidity  at  extremely  low  tempera¬ 
tures  TO  BE  ONE  OF  THE  MOST  DIFFICULT  AND  LC AST  ACCURATE  OF  THE  METEORO¬ 
LOGICAL  OBSERVATIONS  MACE  WITH  THE  USUAL  STATION  EQUIPMENT  IN  THE  ARCTIC 

amd  Subarctic  in  winter.  At  very  low  temperatures,  a  difference  of  only 

0.1  F  DEG.  IN  THE  DEPRESSION  OF  THE  VETBULB  TEMPERATURE  CORRESPONDS  TO  A 
DIFFERENCE  OF  10  PER  CENT  OR  MORE  IN  RELATIVE  HUMIDITY.  FERGUSSON  (1937) 
DISCUSSES  VARIOUS  METHODS  OF  MAKING  ACCURATE  HUMIDITY  MEASUREMENTS,  BUT 
AS  RAE  POINTS  OUT,  AOEQUATE  INSTRUMENTS  ARE  GENERALLY  LACKING,  OR  OBSERVERS 
DC  NCI  HAVE  THE  SKILL  OR  DESIRE  TO  MAKE  RELIABLE  MEASUREMENTS  IN  THE  EX¬ 
TREME  COLD. 
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PART  II  -  FINDINGS  AMD  ANALYSIS 


Microclimatic  investigations  began  at  Fort  Greely,  Big  Delta,  on 
o  June  1956  and  measurements  and  observations  continued  through  3°  Sep¬ 
tember  1957*  The  study  extended  through  summer,  1957#  |N  order  to  obtain 
a  complete  record  during  the  warm  part  of  the  year,  May  through  September. 

In  this  report,  data  for  June  1956  and  December  1956  are  analyzed. 

June  and  December  are  the  months  usually  having  the  greatest  and  le<-st 
solar  radiation  and  longest  and  shortest  days,  respectively,  during  the 
year.  Because  measurements  did  not  begin  until  d  June  1956,  and  continuous 
measurements  until  12  June  1956#  the  period  12  through  3°  June  is  used, 
allowing  approximately  the  same  number  of  days  before  and  after  the  summer 
solstice.  Measurements  and  observations  for  the  entire  month  of  December 

WERE  USED  AND  ARE  PRESENTED  IN  THE  FOLLOWING  ANALYSIS. 

Data  USED  IN  preparing  some  of  the  graphs  presented  in  the  text  are 

ALSO  INCLUDED  IN  TABULAR  FORM  IN  THE  APPENDIX. 

1 .  Weather  during  June  19*56 

Weather  during  June  1  9 5 6  was  controlled  by  an  unusual  number 

OF  LOW-PRESSURE  AND  FRONTAL  SYSTEMS  MOVING  EAST  FROM  THE  BERING  SEA. 

These  systems  were  responsible  not  only  for  the  considerable  precipitation 

AND  CLOUDINESS,  BUT  ALSO  FOR  THE  PREVAILING  NORTHEAST  WINDS.  'HE  RECORDS 
OF  THE  CAA  STATION  SHOW  THAT  JUNE  1 95^  WAS  3*  1  F  DEG.  COLDER  AND  67  PER¬ 
CENT  WETTER  THAN  AN  AVERAGE  JUNE. 

The  mean  daily  radiation  of  515  ly  was  larger  than  the  Avr.i»*G«  sr 

505  LY  FOR  THIS  MONTH  BASED  ON  THE  FAIRBANKS,  ALASKA,  RECORD.  ‘J.,'ES 
WERE  BROKEN  (6  TO  9  TENTHS)  ANo/oR  OVERCAST  ( 10  TENTHS,  INCLUDING  OBL GUI.  „ J , 

about  75  PER  cent  or  THE  time.  There  were  few  hours  and  no  days  without 
clouds;  sky  cover  was  USUALLY  0.6  Ok  MOKt  DURING  any  hour,  and  daily  mean 
AMOUNTS  WERE  GREATER  THAN  0.6  ON  ALL  BUT  FOUR  DAYS. 

Mean  daily  maximum,  mean,  and  mean  daily  minimum  temperatures  were 
56.6  F,  53.1  F,  AND  49.7  F,  RESPECTIVELY,  COMPARED  WITH  65*4  F,  56.2  F, 

AND  47.0  F  FOR  AN  AVERAGE  JUNE.  COOL  MARITIME  AIR  AND  ATTENDANT  CLOUDI¬ 
NESS  WERE  LARGELY  RESPONSIBLE  FOR  THIS  LOWERING  OF  THE  MEAN  DAILY  MAXIMUM 
TEMPERATURE  8.8  F  DEG.  BELOW  THE  AVERAGE,  THE  RAISING  OF  THE  MEAN  DAILY 
MINIMUM  TEMPERATURE  2.J  F  DEG.  ABOVE  THE  AVERAGE,  AND  THE  RESULTING  DEPRES¬ 
SION  OF  THE  MEAN  TEMPERATURE  BY  3’1  F  DEG. 

Precipitation  recorded  at  the  CAA  station  totaled  3*65  inches  for  the 

MONTH,  OR  l67  PER  CENT  OF  THE  AVERAGE  RAINFALL  (2 . 3°  INCHES).  The  GREATEST 

June  amount  prior  to  1956  was  3*7°  inches.  At  the  OPEN  microclimatic 
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STATION,  5*°8  INCHES  WERE  MEASURED,  BUT  AT  THE  WOODS  STATION  ONLY  3*85 
I NCHES  WERE  RECORDED. 

2 .  Microclimatic  measurements,  12  through  30  June  1956 

Broken  and  overcast  skies  (including  obscured)  occurred  88  per¬ 
cent  Of  THE  TIME  DURING  THE  '1 9 -DAY  PERIOD;  ONLY  SEVEN  DAYS  HAD  A  DAILY 
MEAN  CLOUDINESS  OF  LESS  THAN  8  TENTHS.  MoST  OF  THE  RAIN  RECEIVED 

during  June  was  also  recorded  during  This  time.  Of  the  total  of  3.85 

INCHES  MEASURED  AT  THE  CAA  STATION,  3*8°  INCHES  FELL  DURING  THE  .PERIOD. 

At  the  OPEN  station,  4.65  of  thc  5*08  inches,  and  at  thf  WOODS  station 

3.7^  OF  THE  3.85  INCHES  MEASURED  FROM  1  THROUGH  30  JUNE  WERE  RECORDED 
FROM  12  THROUGH  3°  JUNE . 

a.  Solar  radiation  and  cloudiness 


Church  (1951)  points  out  that  solar  radiation  is  perhaps  the 

MOST  IMPORTANT  OF  THE  Ml  CROMETEOROLOG I C AL  ELEMENTS  IN  THE  ARCTIC  AND 

Subarctic,  and  further,  that  radiation  conditions  in  these  regions 

DIFFER  GREATLY  FROM  THOSE  OF  MIDDLE  AND  TROPICAL  LATITUDES.  ACCORDING 

to  Brunt  (1946),  the  most  fundamental  factor  which  must  be  taken  into 

ACCOUNT  IN  MICROCLIMATOLOGY  IS  INCOMING  SOLAR  RADIATION  BY  DAY  AND 
OUTPUT  OF  HEAT  BY  LONG-WAVE  RADIATION  BY  NIGHT.  BRUNT  FURTHER  STATES: 

"When  soil  has  vegetation  the  effective  locus  of  both  absorption  and 

RADIATION  IS  NO  LONGER  THE  SURFACE  OF  THE  GROUND,  BUT  IS  SOMEWHERE  WITHIN 
THE  LIMITS  LAID  DOWN  BY  THAT  SURFACE  AND  THE  UPPERMOST  PARTS  OF  THE  VEGE¬ 
TATION.  The  locus  of  absorption  and  radiation  is  then  not  a. horizontal 
SURFACE,  BUT  A  LAYER  OF  DEPTH  DEPENDING  upon  THE  VEGETATION." 

Significant  differences  occurred  in  the  amounts  and  intensities  of 
SOLAR  RADIATION  RECEIVED  AT  THf  microclimatic  stations,  although  the 
HIGH  PERCENTAGE  of  CLOUDS  DURING  THE  PERIOD  TENDED  TO  LESSEN  THESE  DIFFER¬ 
ENCES.  Mean  daily  radiation  was  only  452  ly,  considerably  less  than  the 
AVERAGE  Or  jGj  LY  FOR  JuNt.  XoTAL  RADIATION  VALUES  FOR  THE  PERIOD  AND 
MONTH  ARE  PRESENTED  I N  T ABL E  I,  AND  MORE  COMPuETE  DATA,  IN  TABLE  A-1 

(Appendix).  Sky  cover  data  for  the  period  are  listed  in  Table  II  and 

ARE  SHOWN  IN  FIGURE  8. 

The  influence  of  trees  at  the  WOODS  station  is  immediately  apparent. 
Mean  radiation  was  only  1 65  ly  in  the  forest  as  compared  to  452  ly  in  the 
open.  D.  H.  Miller  (  1956a)  discusses  the  effects  of  an  open  pine  forest 
in  the  Sierra  Nevada  on  solar  radiation  and  temperature.  At  Big  Delta, 
where  the  density  of  the  forest  is  greater  and  the  altitude  of  the  sun 
much  less,  the  influence  of  the  spruce  forest  upon  solap  radiation  is 
probably  greater.  Measurements  made  at  the  WOODS  station  are  indicative 
of  conditions  in  the  coniferous  forests  (taiga)  which  extend  over  much  of 
the  Subarctic,  but  local  variations  play  a  significant  role  at  any  one 
place.  Studies  by  Sauberer  and  Trapp  (1934)  show  that  the  intensity  of 
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TABLE  I 

DAILY  GLOBAL  SOLAR  RADIATION  FOR  JUNE  12  THROUGH  30,  1996, 
JUNE  1956,  AND  AN  AVERAGE  JUNE 
FAIRBANKS  AND  WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 


Radiation  (langleys)* 

Period 

Fai rbanks 

OPEN 

WOODS 

Av.  June 

505 

— 

— 

June  1956 

535 

515 

193 

June  12-30,  1 956 

503 

452 

165 

^Langley  (ly)  =  1 

gm-cal/cm^. 

TABLE  1! 

FREQUENCIES  OF  SKY  CONDITIONS* 

BIG  DELTA,  ALASKA 


Frequency  (percent) 


Sky  Cover 
( tenths) 

Average  June 

June  12  -  30,  1956 

Clear  (l) 

3-3 

NONE 

Scattered 

0  -5) 

19.3 

12.0 

Broken 
(6  -9) 

31-6 

45.8 

Overcast 

(10,  INCLUDING 
obscured) 

45.8 

42.2 

*Data  from  Civil  Aeronautics  Administration  weather  station.  Big  Delta, 
Alaska.  Average  cloudiness  tor  period  June  12  -  30,  1956,  was  84 

PERCENT. 
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FREQUENCY  OF  SKY  COVER 


COVER  (TENTHS) 


f 

1 

LIGHT  PENETRATING  AN  OAK  FOREST  IN  FULL  LEAF  AMOUNTS  TO  ONLY  H  PERCENT 
OF  THE  TOTAL  RECEIVED  AT  THE  CANOPY,  AND  LAUSCHER  AND  SCHWABL.  0934)  FOUND 
THAT  LIGHT  RECEIVED  AT  THE  GROUND  SURFACE  BENEATH  A  DENSE  PINE  FOREST  WAS 
ONLY  6  TO  17  PERCENT  OF  THAT  RECEIVED  IN  THE  OPEN.  MORE  RECENTLY,  BlLLINCS 

AND  Morris  (19"'l)  discuss  the  reflectance  properties  of  green  leavf.s,  and 

INVESTIGATIONS  BY  0VINGTON  AND  MADGWICK  0955)  SHOW  THAT  CONIFERS  GIVE 
RELATIVELY  INTENSE  SHADE  THROUGHOUT  THE  YEAR.  IN  THEIR  MEASUREMENTS,  THE 
CANOPIES  OF  THE  CONIFERS  ABSORBED  AND  REFLECTED  MUCH  OF  THE  INCOMING  SOLAR 
RADIATION,  ONLY  0-5  TO  6*7  PERCENT  REACHING  THE  FOREST  FLOOR. 

(l)  Mean  hourly  global  solar  radiation 

Figure  9  shows  the  mean  hourly  radiation  at  the  micro¬ 
climatic  stations  and  the  difference  in  amounts  received.  At  this  time  of 

YEAR  THERE  IS  ALMOST  CONTINUOUS  DAYLIGHT,  AND  SOLAR  RADIATION  WAS  SUFFI¬ 
CIENTLY  INTENSE  TO  ACTIVATE  THE  PYRHEL I OMETER  FOR  ABOUT  20  HOURS  EACH  DAY 

(approximately  0200  to  2200)  at  the  OPEN  station.  In  the  forest,  however, 

SUNSHINE  WAS  NOT  RECORDED  UNTIL  LATER  IN  THE  MORNING,  AND  ENDED  EARLIER 
AT  NIGHT. 

Greatest  differences  between  the  stations,  15  ly  or  more,  occurred 

FROM  0700  TO  1800,  THE  TIME  OF  DAY  WHEN  SOLAR  RADIATION  WAS  USUALLY  MOST 
INTENSE.  A  MAXIMUM  DIFFERENCE  OF  SLIGHTLY  MORE  THAN  32  LY  IS  NOTED  AT 
l40Q.  Of  PARTICULAR  INTEREST  ARE  THE  ABRUPT  DECREASES  IN  DIFFERENCES  IN 
AMOUNTS  RECEIVED  AT  THE  STATIONS  FROM  1100  TO  1200,  AND  AGAIN  AT  1600. 

The  noonhour  oecrease  is  associated  with  simultaneous  occurrence  gf  a 
SUDDEN  AND  CONSIDERABLE  INCREASE  IN  RADIATION  RECEIVED  AT  THE  WOODS  STATION 
AND  A  SMALL  DECREASE  IN  RAO  I  ATI  ON  AT  THE  OPEN  STATION.  THE  ABRUPT  DECREASE 
IN  THE  DIFFERENCE  IN  THE  AFTERNOON  AT  l600  IS  DUE  TO  A  RAPID  AND  CONTINUOUS 
DECREASE  IN  R  AO  I  AT  I  ON  AT  THE  OPEN  STATION  BEGINNING  AT  1400,  AND  A  SMALL, 

SECONDARY  MAXIMUM  OF  RADIATION  IN  THE  FOREST. 

These  abrupt  changes  may  be  caused  in  several  ways.  The  rise  in  in¬ 
solation  AT  THE  WOODS  STATION  IS  MOST  LIKELY  CAUSED  BY  THE  SUDDEN  PENE¬ 
TRATION  OF  THE  RAYS  OF  THE  SUN  THROUGH  AN  OPENING  IN  THE  FOREST  CANOPY, 

THEREBY  DECREASING  DIFFERENCES  IN  THE  AMOUNTS  RECEIVED  AT  THE  STATIONS. 

The  decrease  at  1600  at  the  OPEN  station  is  associated  with  a  normal  de¬ 
cline  IN  INTENSITY  DURING  THE  LATE  AFTERNOON  HOURS.  In  ADDITION,  THE 
RELATIVELY  SMALL  NUMBER  OF  OBSERVATIONS  AVAILABLE  (407  FOR  THE  WOODS  AND 
446  FOR  THE  OPEN)  MUST  BE  CONSIDERED  WHEN  ATTEMPTING  TO  EXPLAIN  IRREGU¬ 
LARITIES  IN  THE  CURVES,  SUCH  AS  THE  SMALL  DECREASE  AT  THE  OPEN  STATION  AT 
1100.  IT  IS  BELIEVED  THAT  THIS  PARTLY  ACCOUNTS  FOR  THE  VARIATIONS  IN 
THE  AMOUNTS  OF  RADIATION  RECEIVED  AT  THE  STATIONS. 

Correlation  with  hourly  cloudiness  is  difficult,  principally  because 

ALL  HOURS  HAD  A  HIGH  PERCENTAGE  OF  SKY  COVER.  INCREASED  CLOUDINESS  RE¬ 
SULTED  IN  EITHER  AN  INCREASE  OR  DECREASE  IN  SOLAR  RADIATION  AT  THE  STATIONS, 
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iotion  ( langleys) 


MEAN  HOURLY  GLOBAL  SOLAR  RADIATION  AT  MICROCLIMATIC  STATIONS 
AND  MEAN  HOURLY  CLOUDINESS  AT  CAA  STATION 
BIG  DELTA,  ALASKA 
JUNE  12  -  30,  1956 

0100  0600  1200  1800  2400 
5  O  r — r  - 


-  WOODS 

- OPEN 


* 

/ 


2400 
T — 1 1  84 


DIFFERENCE 
(OPEN  minus  WOODS) 


*.  .  \ 

i  **t 


cloudiness  (  percent  )  on  the  hour 


18 


tion  (BTU/ft*) 


DEPENDING  UPON  THE  AMOUNT  AND  TYPE  OF  CLOUDS.  OVERCAST  SKIES?W|TH  CLOUDS 
THICK  AND  LOW;  TENDED  TO  DECREASE  INSOLATION  AT  BOTH  STATIONS,  BUT  THE 
DECREASE  WAS  MUCH  GREATER  AT  THE  OPEN  STATION,  THUS  DECREASING  THE  DIFFER¬ 
ENCES  BETWEEN  AMOUNTS  RECEIVED  IN  THE  FOREST  AND  CLEARING.  |F  CLOUDS  WERE 
THIN,  OR  OF  THE  CUMULUS  TVi,  AND  DID  NOT  COVER  THE  ENTIRE  SKY,  THE  IN¬ 
CREASED  DIFFUSE  RADIATION  INCREASED  GLOBAL  SOLAR  RADIATION  IN  THE  FOREST. 

This  also  increased  the  insolation  in  the  open,  but  by  not  as  much  as  in 

THE  FOREST,  WHERE  PENETRATION  OF  THE  FOREST  CANOPY  WAS  GREATER  THAN  WITH 
THE  LOW-ANGLE,  DIRECT  SOLAR  RADIATION,  AND  DIFFERENCES  BETWEEN  THE  STATIONS, 
THEREFORE,  DECREASED.  FIGURE  9  SHOWS  THE  MEAN  HOURLY  SKY  COVER  AT  THE 
CAA  STATION  DURING  THE  PERIOD.  THESE  VALUES  SHOW  THAT  THE  GREATEST  MEAN 
HOURLY  SKY  COVER,  94  PERCENT,  WAS  AT  1000,  WHEREAS  VALUES  FOR  l400  AND 
1700  WERE  ONLY  AND  82  PERCENT,  RESPECTIVELY. 

The  possibility  of  shadowing  effect  from  nearby  obstacles  at  the 

OPEN  STATION  CAN  BE  ELIMINATED.  THE  ONLY  OBSTACLES  AT  THIS  STATION  WERE 
THE  TEMPERATURE  GRADIENT  TOWER  AND  THE  TELEPHONE  POLE  SUPPORTING  WIRES 

from  the  Jamesway  shelter  to  the  instruments.  These  were  southwest  of 

THE  PYRHEL I OMETER  AND  COULD  NOT  *,rFECT  THE  INSTRUMENT  IN  THE  MORNING  OR 
EVENING  WHEN  THE  SUN  WAS  LOW  IN  THE  HORIZON.  BOTH  POLE  AND  MAST  WERE 
TOO  FAR  AWAY  TO  SHADOW  THE  EPPLEY,  WHICH  WAS  AT  A  HEIGHT  OF  200  CM, 

DURING  THE  REST  OF  THE  DAY  WHEN  THE  ALTITUDE  OF  THE  SUN  WAS  STILL  RELA¬ 
TIVELY  HIGH. 


( 2 )  Total  d aily  glc  ~al  solar  radiation 

Total  daily  global  solar  radiation  and  differences 
IN  AMOUNTS  RECEIVED  ARE  SHOWN  IN  FIGURE  10;  DATA  ARE  GIVEN  IN  TABLE  A  -  1 

(Appendix).  This  graph  shows  the  close  relationship  between  daily  mean 

SKY  COVER  AND  TOTAL  DAILY  SOLAR  RADIATION.  ALTHOUGH  THERE  WERE  NO  CLEAR 
DAYS  DURING  THE  PERIOD,  DIFFERENCES  IN  RADIATION  BETWEEN  THE  STATIONS 
ON  THE  DAYS  HAVING  LEAST  CLOUDINESS  (l2  -  1 8;  23  -  26;  AND  29  AND  3^  JUNE) 
ARE  NOTABLE.  WITH  INCREASING  CLOUDINESS,  DIFFERENCES  BECOME  MUCH  LESS, 

AND  ON  21  JUNE,  A  DAY  THAT  WAS  OVERCAST  AND  RAINY,  THEY  WERE  ALMOST  NEG¬ 
LIGIBLE. 

(3)  Frequencies  or  hourly  amounts  of  global  solar  radiation 

Figures  11  and  12  give  the  relative  and  cumulative  fre¬ 
quencies  of  hourly  solar  radiation  amounts  at  the  microclimatic  stations. 
The  large  frequency  of  low  radiation  received  at  the  WOODS  station  is 
EASILY  SEEN.  At  THIS  STATION,  PERCENT  OF  THE  HOURS  HAD  FOUR  LY  0* 

LESS,  AS  COMPARED  TO  ONLY  37  PERCENT  AT  THE  OPEN  STATION.  IN  THE  OPEN, 

AS  MANY  AS  80  LY  WERE  RECEIVED  IN  ONE  HOUR,  AND  SEVEN  PERCENT  OF  T^E 
HOUftS  HAD  60  LY  OR  MORE.  THE  GREATEST  SOLAR  RADIATION  MEASURED  IN  THE 
FOREST  IN  ANY  HOUR  WAS  ^9  LY,  AND  ONLY  r0UR  PERCENT  OF  THE  HOURS  RECEIVED 
30  LY  OR  MORE. 
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D.  H.  Miller  ( 1 956a)  in  his  investigations  found  that  much  of  the  solar 

RADIATION  ABSORBED  BY  THE  NEEDLES  OF  CONIFERS  SERVES  INDIRECTLY  TO  RAISE 
THE  AMBIENT  AIR  TEMPERATURE.  THIS  PROBABLY  OCCURS  AT  THE  WOODS  STATION 
AND  IN  THE  SUBARCTIC  CONIFEROUS  FORESTS  (TAIGA)  iN  GENERAL.  IN  THESE 
FORESTS,  HOWEVER,  TREES  ARE  CLOSER  TOGETHER.  THIS,  COMBINED  WITH  THE  GEN¬ 
ERALLY  HORIZONTAL  PATH  OF  THE  RAYS  DUE  TO  THE  LOW  ALTITUDE  OF  THE  SUN, 
RESULTS  IN  ABSORPTION  TAKING  PLACE  MAINLY  IN  THE  CANOPY  (EXCEPT  AT  THE 
EDGE  OF  THE  FORESTS),  AND  TEMPERATURES  NEAR  THE  GROUND  ARE  NOT  AS  GREATLY 
AFFECTED  AS  WERE  THOSE  IN  MILLER'S  STUDY. 

Miller  also  found  that,  at  night,  trees  reduce  the  net  long-wave 
radiation  from  the  ground.  The  canopy  acts  as  a  heat  source,  radiating 

HEAT  TO  THE  SKY  AND  GROUND.  THIS  PHENOMENON  iS  NOT  AS  APPARENT  IN  THE 

Subarctic  in  summer  because  nights  are  very  short. 

The  virtual  lack  of  solar  radiation  at  the  ground  in  the  coniferous 

FORESTS  OF  THE  NORTH  GREATLY  INFLUENCE  THE  SOIL  AND  AIR  TEMPERATURES.  AND 
PROBABLY  HUMIDITY,  AND  THEREBY  THE  PLANT  AND  ANIMAL  LIFE  THAT  LIVES  WITHIN. 

At  Big  Delta,  few  small  trees  or  bushes  are  found;  the  surface  cover  is 

MAINLY  A  MAT  OF  MOSSES,  LICHENS,  AND  OTHER  PLANTS  THAT  ARE  TOLERANT .TO  A 
SHADY,  COOL,  MOIST  ENVIRONMENT.  AT  THE  WARMER,  DRIER  OPEN  STATION  THE 
PLANT  COVER  WAS  NOT  REPRESENTATIVE  OF  THAT  FOUND  IN  OTHER  OPEN  AREAS 
BECAUSE  PLANTS  WERE  NOT  ALLOWED  TO  OCCUPY  THE  AREA  AT  WILL. 

b.  Temperature 

Temperature  is  the  most  easily  understood  and,  together  with 

PRECIPITATION,  THE  MOST  UNIVERSALLY  MEASURED  OF  ALL  CLIMATIC  ELEMENTS. 

It  RESULTS  FROM  THE  TOTAL  INTERACTION  OF  THE  OTHER  CLIMATIC  ELEMENTS  ( FOR 
EXAMPLE,  RADIATION,  WINO.  ANO  CLOUDINESS),  AND  IS  USED  EXTENSIVELY  IN 
CLIMATIC  CL  ASS  I  FI  CAT  I ON&,  AND  IN  DETERMINING  AND  EXPLAINING  THE  DISTRIBUTION 
AND  LIMITS  OF  VEGETATION.  IN  GENERAL,  MEAN  AND  EXTREME  VALUES  HAVE  RE¬ 
CEIVED  GREATEST  EMPHASIS. 

It  has  been  shown  by  Roberts  (19^3) >  Went  09^*0  and  Balchin  and  Pye 
(195°)  THAT  THE  MORE  OUTSTANDING  RESULTS  FROM  RECENT  EXPERIMENTATION  IN 
THERMOPERIODICITY  ARE  THE  PRONOUNCED  EFFECT  OF  NIGHT  (MINIMUM)  TEMPERATURE 
ON  PLANT  GROWTH.  In  CONTRAST,  A.  MILLER  ( 1 95°)  CRITICIZES  CLIMATIC  CLASSI¬ 
FICATIONS,  POINTING  OUT  THAT  CLIMATE  IS  ONLY  ONE  OF  THE  SEVERAL  ELEMENTS 
IN  THE  ENVIRONMENT  OF  PLANTS,  AND,  FURTHER,  THAT  TEMPERATURE  AND  PRECIPI¬ 
TATION  HAVE  BEEN  THE  CLIMATIC  ELEMENTS  MOST  FREQUENTLY  EMPLOYED,  IMPLYING 
THAT  THEY  HAVE  BEEN  USEDTOO  EXCLUSIVELY.  I.ATER,  HOWEVER,  MlLLER  ( 1 951 ) 
PROPOSES  NEW  CLIMATIC  MAPS  BASED  ON  TEMPERATURE  DURATION  AND  CUMULATED 
TEMPER ATURES^  US I NG  A  BASE  OF  6  C  (42.8  F)  PROPOSED  BY  MERRIAM  { 1 89^) • 

Whatever  their  advantages  or  limitations,  temperature  data  are  readily 

AVAILABLE  FOR  MOST  REGIONS  OF  THE  WORLD,  AND,  TOGETHER  WITH  PRECIPITATION 
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data,  have  provided  an  easy  and  widely-used  means  of  describing  climate 

AND  FOR  MAKING  CLIMATIC  COMPARISONS.  TEMPERATURE  DATA  ARE  ALSO  USED  EX¬ 
TENSIVELY,  in  the  Subarctic  and  elsewhere,  by  scientists  dealing  with 
PROBLEMS  IN  BIOLOGY  (COURT,  1 95° J  WATERHOUSE,  : 955 i  H*  M-  JOHNSON,  1957), 
ENGINEERING  (HAY,  1 9^+5 J  SlSSENWINE  AND  COURT,  1 95°) >  HUMAN  PHYSIOLOGY 

(Revesman  et  al.,  1953;  Carlson,  1954),  agriculture  and  botany  (Salisbury, 
1939);  COMMUNICATION  (SCHILLING  CT  AL . ,  1946),  AND  IS  EVEN  USED  IN  THE 
FORMULATION  OF  GOVERNMENT  POLICY  (BOUGHNER  AND  THOMAS,  1 95^) *  iN  EVERY 
FIELD  OF  SCIENCE,  TEMPERATURE  PLAYS  AN  IMPORTANT  ROLE. 

Recently,  the  attention  and  interest  of  scientists  engaged  in  meteoro¬ 
logical  AND  CLIMATOLOGICAL  RESEARCH  HAS  RIGHTFULLY  BEEN  CONCENTRATED 
TOWARD  STUDYING  INTENSIVELY  THE  HEAT  EXCHANGE  AND  RADIATION  BALANCE  NEAR 
THE  GROUND  (BRUNT,  1946).  BECAUSE  OF  THE  DIFFICULTIES  INVOLVED  IN  MAKING 
ACCURATE  SOLAR  RADIATION  MEASUREMENTS  (MOLLER,  1 957) A  AND  EVEN  THOSE  THAT 
WILL  BE  COMPARABLE,  IT  MUST  BE  EXPECTED  THAT  SOME  TIME  WILL  ELAPSE  BEFORE 
RADIATION  DATA  BECOME  AVAILABLE  IN  SUFFICIENT  QUANTITY  TO  ALLOW  WORLDWIDE 
COMPARISONS.  IN  THIS  STUDY,  AS  IN  MOST  PREVIOUS  MICROCLIMATIC  INVESTIGA¬ 
TIONS,  PRIMARY  EMPHASIS  IS  GIVEN  TO  MEASURING  TEMPERATURES  AT  THE  MICRO¬ 
CLIMATIC  STATIONS,  TO  ANALYZING  THESE  DATA,  AND  TO  EXPLAINING  THE  DIFFER¬ 
ENCES. 


The  IMPORTANCE  OF  GROUND  OR  SOIL  TEMPERATURES  IN  AGRICULTURAL  AND 
OTHER  PROBLEMS  HAS  RESULTED  IN  MANY  DETAILED  STUDIES.  BOUYOUCOS  ( 1 91 3, 

PP.  1-2)  CONSIDERS  SOIL  TEMPERATURES  ONE  OF  THE  ESSENTIAL  LIMITING  FACTORS 
OF  PLANT  GROWTH,  ATFECT I NG  THE  BIOLOGICAL,  CHEMICAL  AND  PHYSICAL  FUNCTIONS. 

This  contention  is  supportfo  by  Smith  ( 1 939>  p*  49),  who  points  out  that 

THE  EFFECT  OF  SOIL  (  A-,0  Air"?  TEMPERATURES  ON  CROP  GROWTH  IS  OF  GREATER 
IMPORTANCE  IN  SOME  DISTRICTS  THAN  THE  MORPHOLOGICAL  OR  CHEMICAL  CHARACTER¬ 
ISTICS  OF  THE  PL  A'  TS.  AN  EARLIER  PAPER,  SMITH  (1929b)  DISCUSSES  THE 

TIME  AND  RATE  OF  GER  II  At  I  ON  OF  SEEDS,  SHOWING  THAT  GERMINATION  IS  LARGELY 
DEPENDENT  UPON  SOIL  TEMPERATURES  AND  THAT  GROWTH  OF  CULTIVATED  PLANTS 
DOES  NOT  BEGIN  UNTIL  SJIL  TEMPERATURES  ARE  40  F  TO  50  F.  He  POINTS  OUT 
THAT  ESSENT’AL,  5  'L-NI TRI FY I NG  BACTERIA  ARE  MOST  ACTIVE  AT  TEMPERATURES 

of  65  F  to  i  1  F.  -ter.  Wages  (1938)  concludes  that  the  poor  growth  and 

SURVIVAL  OF  ’CTIt  /-./>"$  |S  CAUSED  BY  THE  INACTIVITY  OF  NITROGEN  BACTERIA 
AND  LACK  OF  KIU..J  IN  ARCTIC  SOILS,  AND  SUGGESTS  THAT  THE  EFFECT  OF 
TEMPERATURE,  BOTH  SOIL  AND  AIR,  UPON  PARASITES  AND  FUNGUS  DISEASES  OF 
INSECTS  MIGHT  BE  DIFFERENT  FROM  THE  DIRECT  EFFECT  ON  THE  INSECTS  THEMSELVES. 

ALGREN  (1949)  POINTS  OUT  THAT  GROUND  TEMPERATURES  ARC  BECOMING  INCREAS¬ 
INGLY  IMPORTANT  IN  HEAT  VENTILATION  AND  AIR  CONDITION  ENGINEERING,  WHERE 
DIRECT  APPLICATION  IS  MADE  TO  l)  THE  GROUND  AS  A  HEAT  SOURCE  FOR  HEAT-PUMP 
APPLICATION,  2)  PERIMETER  AND  GROUND  SLAB  HEAT  LOSS  FOR  FLOOR-PANEL  HEAT¬ 
ING  SYSTEMS,  AND  3)  HEAT  LOSSES  TO  THE  GROUND  AND  RESULTING  FLOOR  SLAB 
TEMPERATURES  IN  BASEMENTLtSS  HOUSES.  I N-  THE  ARCTIC  AND  SUBARCTIC,  WHERE 
FROZEN  GROUND  AND/OR  PERMAFROST  ARE  PREVALENT,  SOIL  TEMPERATURE  IS  MORE 
CRITICAL  FOR  SOLVING  ENGINEERING  PROBLEMS. 
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Horn  (1952)  summarizes  information  on  soil  temperatures,  listing 

186  PUBLICATIONS.  |T  IS  INTERESTING  TO  NOTE  THAT  COMPARATIVELY  FEW 
STUDIES  HAVE  BEEN  MAOE  IN  NORTHERN  LATITUDES  AND  THE  WRITER  HAS  FOUND 
LISTED  NO  STUDIES  CONDUCTED  IN  THE  ARCTIC  OR  SUBARCTIC  WHERE  SIMULTANEOUS 
MEASURFMENTS  HAVE  BEEN  MADE  OF  THE  VERTICAL  DISTRIBUTION  OF  SOIL  AND  AIR 
TEMPERATURES  AND  WIND,  AND  OF  SOLAR  RADIATION  AND  PREC I  PI T AT  I  ON,  AT  2 
GREATLY  CONTRASTING  SITES  SUCH  AS  THOSE  AT  BlG  DELTA.  HARRINGTON'S  IN¬ 
VESTIGATIONS  (1928)  in  Saskatchewan  were  excellent,  but  limited  mainly  to 
A  STUDY  OF  GROUND  TEMPERATURES.  RUSSIAN  SCIENTISTS  HAVE  DISPLAYED  GREAT 
iNTEREST  IN  M I CROCL I MATOLOGY  AND  MANY  OF  THEIR  STUDIES  HAVE  BEEN  CARRIED 
OUT  IN  ARCTIC  AND  SUBARCTIC  RUSSIA.  THE  WORKS  OF  BLAGOVIDOV  0935)* 

Formozov  (1946),  Rozanov  and  Spaskii  (1947),  Sapozhnikov  0947,  1953)* 
ADERIKHIN  (1952)*  AND  DaNISHEVSKII  (1955)  CONTAIN  DISCUSSIONS  OF  THE  MICRO¬ 
CLIMATE  AND  ITS  SIGNIFICANCE,  AS  WELL  AS  ANALYSES  OF  DATA  OBTAINED  FROM 
MEASUREMENTS.  OTHER  RUSSIAN  SCIENTISTS  ARE  CARRYING  OUT  INTENSIVE  MICRO¬ 
CLIMATIC  STUDIES,  THE  RESULTS  OF  WHICH  HAVE  NOT  YET  BEEN  PUBLISHED. 
DaLRYMPLE*  (PERSONAL  COMMUNICATION)  REPORTS  THAT  RUSSIAN  SCIENTISTS  IN 

the  Antarctic  during  the  International  Geophysical  Year  (1957  -  1953) 

EMPHASIZED  MICROCLIMATIC  INVESTIGATIONS  IN  THEIR  PROGRAM. 


Bliss  0956)  and  Conover  ( 1 957)  report  on  the  results  of  a  micro¬ 
climatic  STUDY  CONDUCTED  AT  tlMI  AT,  ALASKA,  AND  IN  THE  SUMMER  OF  1956 
THORNTHWAITE  AND  HIS  ASSOCIATES  BEGAN  AN  INTENSIVE  MICROCLIMATIC  PROGRAM 

at  Point  Barrow,  Alaska  (Mather  and  Thornthwaite,  1956).  These  studies 

WERE  CARRIED  OUT  IN  THE  ARCTIC  TUNDRA,  AN  ENVIRONMENT  CONSIDERABLY  DIF¬ 
FERENT  FROM  THE  TAIGA  OF  THE  BlG  DELTA  AREA.  WHERE  THE  POTENTIALS  FOR 
HUMAN  SETTLEMENT,  BASED  MAINLY  ON  AGRICULTURE,  ARE  MUCH  GREATER.  AT 

Fairbanks,  in  interior  Alaska,  Pruitt  (1957)  and  H.  M.  Johnson  (1957) 

STUDIED  WINTER  MICROCLIMATES  OF  THE  SOIL  SURFACE  AND  SNOW  COVER  OF  IM¬ 
PORTANCE  TO  SMALL  MAMMALS  AND  BIRDS  AS  AN  AID  IN  DETERMINING  WINTER  SUR¬ 
VIVAL  TECHNIQUES  FOR  DOWNED  AIRMEN. 


( 1 )  Mean  hourly  temperatures 

Mean  hourly  ground  and  air  temperatures  for  each  thermo¬ 
couple  HEIGHT  ARC  SHOWN  GRAPHICALLY  IN  FIGURE  13  AND  ARE  LISTED  IN  TABLE 

A-2  (Appendix).  Differences  in  mean  hourly  temperatures  for  comparable 

THERMOCOUPLE  LEVELS,  AND  BETWEEN  CONSECUTIVE  (ADJACENT)  HEIGHTS  AT  THE 
SAME  STATION,  ARE  SHOWN  IN  FIGURE  l4. 

The  most  striking  features  of  these  graphs  are  the  very  slow  warming 


‘Paul  C.  Dalrymple,  Meteorologist,  Quartermaster  Research  &  Engineering 
Command,  Natick,  Massachusetts,  conducted  microclimatic  measurements  for 
the  Quartermaster  Corps  at  Little  America  V  and  at  Amundsen-Scott  Station, 
South  Pole,  from  1956  through  1956* 
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Figure  13 
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WOODS  AND  OPEN  MICROCLIMATIC  STATIONS  BIG  DELTA.  ALASKA 
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OF  THE  SOIL  AND  SO  I L -SURF  ACE  IN  THE  FOREST,  THE  LARGE  DIFFERENCES  IN  SOIL 
TEMPERATURES  AND  SMALL  DIFFERENCES  IN  AIR  TEMPERATURES  BETWEEN  WOODS  AND 
OPEN,  THE  HIGH  TEMPERATURES  RECORDED  AT  -2.5  CM  IN  THE  OPEN,  AND  THE  L&G 
IN  THE  MAXIMUM  AND  MINIMUM  TEMPERATURES  AT  DEPTHS  OF  -15  CM  AND  BELOW. 

The  moss-lichen  carpet  on  the  ground  surface  at  the  WOODS  station 

SERVED  AS  AN  EXCELLENT  INSULATOR,  STRONGLY  RETARDING  WARMING  OF  THE  SOIL. 

At  -60  cm,  TEMPERATURES  REMAINED  BELOW  FREEZING  AND  THAWING  BARELY  BEGAN 

at  -30  cm.  Heating  of  the  soil  at  this  time  of  the  year  is  further  retarded 

BECAUSE  MUCH  OF  THE  HEAT  RECEIVED  IS  USED  AS  THE  LATENT  HEAT  OF  FUSION  TO 
ME-r  ICE  IN  THE  SOIL,  AND  1  HEN  IS  REQUIRED  TO  HEAT  BOTH  SOIL  AND  WATER 
ONCE  THE  ICE  NEAR  THE  SURFACE  IS  MELTED.  AT  THE  OPEN  STATION,  THE  SOIL 
WAS  ALREADY  WARMED  CONSIDERABLY  AND  A  DIURNAL  TEMPERATURE  COURSE  WAS  ES¬ 
TABLISHED  AT  ALL  DEPTHS  MEASURED. 

The  LAG  IN  SOIL  WARMING,  INCREASING  WITH  DEPTH,  AND  THE  DAMPING  OF 
THE  CURVES  WITH  DEPTH  (REACHING  0  AT  -60  CM  IN  THE  FOREST),  TYPIFY  THE 
VARIATIONS  AND  FLUCTUATIONS  OF  TEMPERATURES  IN  THE  SOIL.  AT  BlG  DELTA, 
MAXIMUM  AIR  TEMPERATURES  OCCURRED  AT  NOON  OR  IN  THE  EARLY  AFTERNOON,  AND 
MINIMUM  AIR  TEMPERATURES  OCCURRED  JUST  BEFORE  SUNRISE,  NEAR  THE  END  OF 
THE  SHORT  SUBARCTIC  NIGHT. 

At  THE  OPEN  STATION,  MAXI  MUM  TEMPERATURES  AT  -15  cm  LAGGED  four  HOURS 
BEHIND  MAXIMUM  AIR  TEMPER ATURESj  AT  ~30  CM  THIS  LAG  WAS  10  TO  12  HOURS, 

AND  AT  -60  CM,  24  TO  26  HOURS.  In  THE  FOREST,  MAXIMUM  TEMPERATURES  AT 
-15  CM  AND  -30  CM  LAGGED  24  TO  26  HOURS  BEHIND  MAXIMUM  AIR  TEMPERATURES, 
SHOWING  THE  COMBINED  EFFECTS  OF  LACK  OF  INSOLATION  ON  THE  GROUND  AND  THE 
INSULATING  PROPERTIES  OF  THE  MOSS-LICHEN  COVER. 

Minimum  temperatures  occurred  simultaneously  in  the  air,  at  the  sur¬ 
face  AND  AT  -2-5  CM  AT  THE  OPEN  STATION,  BUT  MINIMUM  TEMPERATURES  LAGGED 
BEHIND  THREE  HOURS  AT  -15  CM,  7  TO  8  HOURS  AT  ~30  CM,  AND  ABOUT  3°  HOURS 
AT  -60  CM.  IN  THE  FOREST,  THE  LAG  WAS  ONE  HOUR  AT  -2-5  CM,  2  TO  3  HOURS 
AT  -15  CM,  APPROXIMATELY  26  HOURS  AT  -30  CM,  AND  THERE  WAS  MO  VARIATION  AT 
-60  CM. 

THE  TEMPERATURE  LAGS  OBSERVED  AT  THE  VARIOUS  SOIL  DEPTHS  AT  BlG  DELTA 
AGREE  WELL  (EXCEPT  AT  THE  W0005  STATION)  WITH  RESULTS  OF  OTHER  INVESTIGA¬ 
TIONS.  Smith  (1929a)  found  corresponding  lags  of  four  hours  at  -6  inches 
(-15  cm)  and  eight  hours  at  -12  inches  (-30  cm).  Thomson  (193*0  observed 
A  LAG  OF  ABOUT  THREE  HOURS  AT  -4  INCHES  (-10  Cm)  . 

Li  (1926,  p.  53),  as  well  as  Smith  and  Thomson,  found  that  near-surface 

TEMPERATURES  (SURFACE  TO  -2*5  Cm)  RESPOND  ALMOST  IMMEDIATELY  TO  CHANGES  IN 
INSOLATION  AND  WIND  WHEN  THERE  IS  LITTLE  OR  NO  VEGETATION  COVER.  MAXIMUM 
SOIL-SURFACE  TEMPERATURES  GENERALLY  PRECEDE^  BY  AN  HOUR  OR  TV/O,  MAXIMUM 
AIR  TEMPERATURES,  BUT  MINIMUM  SOIL-SURFACE  TEMPERATURES  AND  MINIMUM  AIR 
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TEMPERATURES  USUALLY  OCCUR  SIMULTANEOUSLY.  Ll  ( 1 9^6,  P  •  53)  MENTIONS  THE 
EFFECTS  OF  SOIL  MOISTURE  IN  INCREASING  I  AG  AND  REDUCING  THE  AMPLITUDE  OF 
SOIL  TEMPERATURES.  HlS  OSSERVAT I ONS  ARE  SUPPORTED  BY  RlDER  ( 1 957 )  WH0 
FOUND  THAT  THE  THERMAL  CONDUCTIVITY  OF  WET  SOIL  WAS  GREATER  THAN  THAT  OF 
DRY  SOIL.  RlOER  ALSO  FOUND  THAT  WHEN  THE  SOIL  WAS  WtTjTHE  HEAT  RECEIVED 
FROM  THE  SUN  WAS  MORE  READILY  DISSIPATED,  THUS  KEEPING  SOIL-SURFACE 
TEMPERATURES  LOWER  THAN  THOSE  OF  DRY  SOIL.  MOISTURE,  IN  THE  FORM  OF  PAIN, 
WAS  MORE  IMPORTANT  IN  LOWERING  GROUND  SURFACE  TEMPERATURES  AT  BlS  DELTA 
THAN  IN  LOWERING  TEMPERATURES  AT  GREATER  DEPTHS. 

Highest  temperatures  occurred  at  -2-5  cm  rather  than  at  the  surface 

AT  THE  OPEN  STATION.  THIS  WAS  CAUSED  BY  A  COMBINATION  OF  FACTORS.  DURING, 
OR  FOLLOWING,  THE  FREQUENT  INTERMITTENT  SHOWERS,  THE  SURFACE  WAS  COOLED 
THROUGH  EVAPORATION  OR  BY  CONDUCTION  FROM  THE  RELATIVELY  COOL  AIR.  THE 
SOIL  BELOW,  AT  -2-5  CM  AND  PERHAPS  SOMEWHAT  DEEPER,  WARMED  DURING  TIMES 
OF  SUNLIGHT  AND  INSOLATION,  STILL  RETAINED  ITS  HEAT.  AS  THE  SOIL  WAS 
WARMED  FOR  ABOUT  1  ci  TO  20  HOURS  DURING  THE  LONG  SUMMER  DAYS,  IT  RETAINED 
MUCH  Or  ITS  HEAT  DURING  THE  SHORT  NIGHT  OR  PERIODS  OF  CLOUDS  AND  RAIN 
ALTHOUGH  THE  VERY  SURFACE  MAY  HAVE  BEEN  QUICKLY  COOLED.  THE  POSSIBLE 
INFLUENCE  OF  PLANTS  CANNOT  BE  OVERLOOKED,  HOWEVER,  FOR  THE  GROUND  WAS  NOT 
COMPLETELY  BARE,  AND  THE  SURFACE  THERMOCOUPLE,  ALTHOUGH  CLOSE  TO  THE  -2-5  CM 
THERMOCOUPLE  (ONLY  2  TO  3  FEET  AWAy)  ,  MAY  HAVE  BEEN  SHADOWED  BY  PLANTS 
DURING  CERTAIN  HOURS  OF  THE  DAY,  WHILE  THE  -2-5  CM  THERMOCOUPLE  MAY  NOT 
HAVE  BEEN. 

The  studies  by  Smith,  Thomson,  and  Li  were  conducted  in  temperate 

OP  COLD  TEMPERATE  REGIONS.  INVESTIGATIONS  HAVE  BEEN  CONDUCTED  IN  THE 
ARCTIC  TUNDRA  AND  SUBARCTIC  TAIGA,  BY  BLISS  ( 1956)  AND  CONOVER  ( 1 957 )  AT 

Umiat,  Alaska,  by  Cook  ( i 955 )  at  Resolute  Bay,  Cornwallis  Island,  by 
Beckel  (1957)  at  Fort  Churchill,  Canada,  and  by  Pruitt  ( 1957)  neaR  Fair¬ 
banks,  Alaska.  Results  from  Big  Delta  support  the  findings  contained  in 
THESE  STUDIES.  BLISS  AND  CONOVER  FOUND  A  TEMPERATURE  LAG  OF  TWO  HOURS  FROM 
SURFACE  TO  -1  INCH  {-2.5  Cm)  ,  AND  A  LAG  OF  FIVE  HOURS  FROM  SURFACE  TO  -4 
inches  (-10  cm).  Daily  fluctuations  in  temperatures  near  the  surface  at 
Big  Delta  were  reflected  in  the  soil  below  in  a  manner  conforming  with  the 
findings  OF  Cook,  who  observed  a  soil  temperature  lag  of  about  reus  HOURS 
AT  -4  INCHES  (-10  cm)  AND  ABOUT  27  HOURS  AT  -B  INCHES  (-20  Cm)  . 

Temperatures  at  -60  cm  at  the  OPEN  station  were  strongly  influenced 

BY  THE  COLO  GROUND  BELOW.  Ll  (1926,  P.  5^)  AND  SMITH  ( 1 9^9 A)  FOUND 
TEMPERATURE  LAGS  OF  1  TO  3  PAYS  AT  -24  INCHES  ( -6l  Cm)  ,  AND  THOMSON  (1934), 

IN  HIS  STUDIES  AT  WlNNEPEG,  FOUND  THAT  DIURNAL  VARIATIONS  WERE  SCARCELY 
NOTICEABLE  AT  -40  INCHES  (-102  Cm)  DURING  SUMMER. 

Soil  temperatures  at  the  OPEN  station  conformed  more  closely  to 
AIR  TEMPERATURES  THAN  DID  THOSE  AT  THE  WOODS  BECAUSE  THERE  WAS  LITTLE 
VEGETATION  COVER  IN  THE  OPENING  AS  COMPARED  WITH  THE  FOREST.  IN  SPITE 
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or  RAINY  AND  CLOUDY  WEATHER,  THE  SOIL  AT  THE  OPEN  STATION  WAS  USUALLY 
DRIER.  DUE  TJ  THE  BETTER  DRAINAGE  AND  MORE  RAPID  EVAPORATION.  At  THE 
WOODS  STATION,  CONDITIONS  WERE  MORE  LIKE  THOSE  ENCOUNTERED  BY  COOK  AND 
Bliss,  and  because  of  the  interception  of  solar  radiation  by  the  conifers 
(spruce),  may  HAVE  BEEN  SOMEWHAT  less  extreme. 

(2)  Differences  in  mean  hourly  temperatures 

(  ■)  OPEN  compared  to  WOODS 

Temperatures  at  -15  cm,  -30  lm  and  ~6j  cm  were  usually 

15  to  2J  F  DEG.  LOWER  ! :  THE  TOREST  THAN  AT  THE  SAME  DEPTHS  IN  THE  OPENING 

(Fig.  l4)  .  Bclotel.kin  (  1  ^4 1 ) ,  observed  that  frost  remained  in  the  ground 

CONSIDERABLY  LONGER  UNDER  SOFTWOOD  STANDS  THAN  UNDER  HARDWOODS  OR  IN  THE 
open.  This  same  condition  was  found  at  Bid  Delta,  and  differences  in 
SOIL  AND  GROUND  SURFACE  TEMPERATURES  MAY  BE  ATTRIBUTED  ENTIRELY  TO  THE 
VEGETATION  COVER  AT  THE  'WOODS  STATION.  |N  ADDITION  TO  THE  SPRUCE  TREES 
WHICH  SHIELDED  THE  GROUND  FROM  SOLAR  RADIATION,  THE  MOSS  LAYER  SERVED  TO 
IMPEDE  THAWING,  ACTING  AS  AN  INSULATOR  AGAINST  INSOLATION  AND  WARM  AIR. 

IT  SHOULD  ALSO  BE  POINTED  OUT  THAT  BOTH  THE  SPRUCE  TREES  AND  MOSS-LICHEN 
MAT  INTERCEPTED  MUCH  OF  THE  RAINFALL,  E3PEC I  ALL Y  WHEN  RAIMrALL  WAS  L I GM I  . 

IN  THIS  MANNER  TOO,  THE  VEGET AT  I  ON  COVER  PREVENTED  MORE  RAPID  THAWING  IN 
THE  FOREST  BECAUSE  MUCH  OF  THE  RELATIVELY  WARM  RAINV/ATER  DID  NOT  REACH 
THE  GROUND. 

Figure  i4  shows  that  i)  the  ground  from  the  surface  to  -60  cm  differed 

MORE  BETWEEN  THE  FOREST  AND  OPENING  AT  ALL  TIMES  OF  THE  DAY  (24  HOURS)  THAN 
THE  AIR  TEMPERATURES  DID,  AND  FURTHER,  THESE  DIFFERENCES  IN  GROUND  TEMPERA¬ 
TURES  WERE  VERY  LARGE  COMPARED  TO  THE  DEFFERENCES  IN  AIR  TEMPERATURES,  2) 
THE  MEAN  DIFFERENCE  FOR  24  HOURS  WAS  GREATEST  AT  -30  CM,  3)  THE  LARGEST 
DIFFERENCE,  2j. 5  F  DEG.,  OCCURRED  NEAR  MIDDAY  AT  -2. 5  CM,  AND  4)  BETWEEN 
0900  AND  i 3^0  THE  DIFFERENCES  AT  -2*5  CM  EXCEEDED  THOSE  AT  ANY  OTHER  DEPTH. 

The  low  soil  tek  eratures  in  the  forest  are  easily  explained  by  the 

PFiOTECTIVE,  INSULATING  PROPERTIES  OF  THE  VEGETATION  COVER  AND  BY  THE  FROZEN 
GROUND  NEAR  -60  CM.  THE  HIGH  TEMPERATURES  AT  -2-5  CM  IN  THE  OPEN  ARE 
RATHER  DISTINCTIVE,  BUT  BY  NO  MEANS  UNCOMMON.  NORMALLY,  THE  HIGHEST  TEM¬ 
PERATURES  ARE  MEASURED  AT  THE  SURFACE,  BUT  AT  BlG  DELTA,  BECAUSE  OF  THE 
FREQUENT  PRECIPITATION,  WIND,  AND  EVAPORATIVE  COOLING,  THIS  WAS  NOT  THE 

case.  Cook  ( 1 95t?)  believes  the  effects  of  precipitation  to  be  negligible 
at  Resolute  Bay.  At  Resolute,  however,  rainfall  contributes  little  to 

THE  WETNESS  OF  THE  GROUND,  THE  MOISTURE  CONTENT  OF  THE  SOIL  BEING  DERIVED 
MAINLY  FROM  MELTING  V/ 1  THIN  THE  SOIL  ITSELF  AND  FROM  THE  THIN  SNOW  COVER 
THAT  ACCUMULATES  DURING  WINTER.  THE  WATER  REMAINS  AT  OR  NEAR  THE  SURFACE 
OWING  TO  THE  PERMAFROST  WHICH  LIES  BELOW.  At  Bl  G  DELTA,  PERMAFkOST  WAS 
LACKING  OR  WAS  VERY  DEEP  (2^  FEET  OR  GREATER)  AT  THE  STATIONS  (HOLMES 
AND  BENNINGHOFF,  1957>  lt>9)  AND  RAINFALL  DURING  THE  19“DAY  PERIOD 
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EXCEEDED  THE  AVERAGE  ANNUAL  PRECIPITATION  AT  RESOLUTE  BAY.  RAIN  FELL  ON 
15  OF  19  DAYS  AND  THE  GROUND  SURFACE  WAS  WET  OR  DAMP  MUCH  OF  THE  TIME. 

AT  LEAST  BY  DAY,  SURFACE  TEMPERATURES  AT  THE  OPEN  STATION,  THEREFORE,  WERE 
LOWERED  THROUGH  EVAPORATIVE  COOLING  WHICH  WAS  INCREASED  BY  THE  WIND. 

According  to  Chang  (1957)*',  the  occurrence  of  highest  temperatures  just 

below  THE  SURFACE  RATHER  THAN  AT  THE  SURFACE  IS  NOT  UNCOMMON  WHEN  CONDI¬ 
TIONS  ARE  SIMILAR  TO  THOSE  AT  B|G  DELTA.  !n  ADDITION  TO  THE  COOLING 
EFFECT  OF  EVAPORATION,  SURFACE  TEMPERATURES  AT  THE  OPEN  STATION  WERE 
ALSO  LOWERED  MOST  OF  THE  TIME  BY  CONDUCTION  TO  THE  AIR,  WHICH  WAS  GENERALLY 
COOLER . 

At  THE  WOODS  STATION,  SURFACE  TEMPERATURES  WERE  HIGHER  THAN  THOSE  AT 

-2-5  cm.  Evaporation  was  small  because  surface  heatinc  was  limited  and 

WINDS  WERE  WEAK.  AlR  TEMPERATURES  WERE  NEARLY  THE  SAME  AS  THOSE  AT  THE 
SURFACE,  AND  THE  FROZEN  SOIL  BETWEEN  ~30  CM  AND  -60  CM  SERVED  AS  A  COLD 
SOURCE,  TEMPERATURES  DECREASING  RAPIDLY  FROM  THE  SURFACE  TO  THESE  DEPTHS. 

Air  temperatures,  even  only  7*5  CM  above  the  surface,  did  not. differ 

MARKEDLY  AT  THE  STATIONS.  THIS  CAN  BE  ATTRIBUTED,  IN  MAIN  PART,  TO  AIR 
CIRCULATION  (WIND)  CLOSE  TO  THE  GROUND  WHICH  KEPT  DIFFERENCES  UNDER  5  F 
DEG.  SHREVE  (1924)  POINTS  OUT  THAT  INSOLATION  IS  OF  PRIMARY  IMPORTANCE 
IN  DETERMINING  SOIL  TEMPERATURES,  AND  BRUNT  09^5)  STATES  THAT  AIR  TEMPERA¬ 
TURES  ARE  DIRECTLY  DEPENDENT  UPON  SURFACE  TEMPERATURES.  RAIN,  CLOUDS  AND 
WIND,  RESPONSIBLE  FOR  THE  LOW  SURFACE  TEMPERATURES  AT  THE  OPEN  STATION, 

WERE  ALSO  I NSTRUMENTAL  THEREBY  IN  MINIMIZING  TEMPERATURE  DIFFERENCES. 

Furthermore,  the  wind,  by  bringing  greater  volumes  of  air  into  contact  with 

THE  SURFACE  AND  BY  PREVENTING  ANY  AIR  FROM  REMAINING  LONG  IN  CONTACT, 

HELPED  TO  REDUCE  THE  CONTRAST. 

(b)  Vertical  gradients 

The  greatest  differences  in  mean  hourly  temperatures 

AT  CONSECUTIVE  THERMOCOUPLE  LEVELS  OCCURRED  IN  THE  SOIL  AT  BOTH  STATIONS. 

AiR  TEMPERATURES  WERE  WITHIN  ^  F  DEG.  AND  DIFFERENCES  Wc.RE  Nt-GLIGioLL. 

The  largest  difference  noted,  nearly  15  F  deg.,  was  between  -2. 5  cm  and 
-15  CM  AT  the  OPEN  station;  a  difference  of  only  6  F  DEG.  WAS  noted 
BETWEEN  -2.5  CM  AND  0  CM.  In  THE  FOREST,  THE  INSULATING  PROPERTY  OF  THE 
SURFACE  COVER  WAS  AGAIN  IN  EVIDENCE.  THE  MOSS-LICHEN  COVER  LIMITED  HEAT 
CONDUCTION  FROM  ABOVE  AND  THE  GREATEST  DIFFERENCE,  12*5  F  DEG.  AT  MIDDAY, 

WAS  BETWEEN  0  CM  AND  -2»5  CM,  IN  CONTRAST  TO  THE  CLEARING. 

(3)  Vertical  temperature  distribution  on  selected  hours  and  pays 

Figures  15  and  16  show  the  vertical  distribution  of  tempera¬ 
ture  FOR  SELECTED  HOURS  (0100,  O7OO,  *ND  19^)  AN[>  DAYS  (JUNE  !5  AND  21). 

^Personal  communication  from  Dr.  Jen-hu  Chang.  Dr.  Chang,  of  the  Harvard 
Blue  Hill  Meteorlogi cal  Observatory,  recently  completed  (1957)  A  W0Ri  °- 

WIDE  STUDY  OF  GROUND  TEMPERATURES  FOR  THE  QUARTERMASTER  CORPS. 
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Differences  in  air  temperatures  at  the  same  levcls  at  the  stations 

WERE  SMALL,  USUALLY  ONLY  1  OR  2  F  DEG.,  WITH  THOSE  AT  THE  OPEN  STATION 
GENERALLY  BE  I  NO  I HL  HIGHER.  EXCEPTIONS  OCCURRED  NEAR  AND  AT  THE  GROUND 
SURFACE,  WHERE  HEATING  DURING  I  HE  EARLIER  PART  OF  JUNE  15  CAUSED  TEMPERA¬ 
TURES  TO  BE  MUCH  HIGHER,  AND  AT  06j0  TO  OjOj  ON  THE  SAME  DAY  WHEN  AIR 
TEMPERATURES  A30VE  1  JO  CM  IN  THE  FOREST  WERE  HIGHER  THAN  THOSE  IN  THE  OPEN. 

The  distribution  of  temperature  at  0600  to  0 (00  on  June  15  is  of 

SPECIAL  SIGNIFICANCE,  FOR  AT  THAT  TIME  THE  LARGEST  DIFFERENCES  BETWEEN 
THE  STATIONS  OCCURRED  AT  AND  NEAR  THE  SURFACE;  TEMPERATURES  ABOVE  THE 
iOu  CM  LEVEL  WERE  HIGHER  IN  THE  FOREST,  AND  THE  LARGEST  VERTICAL  TEMPERA¬ 
TURE  DIFFERENCES  OCCURRED  AT  EACH  STATION. 


Air  TEMPERATURES  AT  THE  OPEN  STATION,  LOWERED  BY  RADIATION  DURING 
THE  SHORT  NIGHT,  WERE  NOT  YET  HIGH,  ALTHOUGH  SURFACE  HEATING  HAD  BEGUN. 

IN  THE  *■  OREST ,  INTERCEPTION  AND  ABSORPTION  OF  SOLAR  RADIATION  BY  HIGHER 
PARTS  OF  THE  SPRUCE  TREES  MAY  EXPLAIN  THE  SHARP  INCREASE  (l2  F  DEG.  TO 
l6  F  DEG.)  IN  AIR  TEMPERATURES  DURING  THF  6-HOUR  PERIOD  01J0  TO  0700 . 

This  increase  cannot  be  attributed  .0  surface  heating,  for  at  the  surface 

THE  TEMPERATURE  INCREASED  ONLY  5  F  BEG  >  DURING  THE  SIX  HOURS.  THE  RISE 
IN  TEMPERATURE  AT  THE  SURFACE  MAY  HAVE  BEEN  CAUSED  IN  PART  BY  THE  WARMER 
AIR  ABOVE,  AS  THE  LOW  ALTITUDE  OF  THE  SUN  AT  THESE  HOURS  PRECLUDED  THE 
POSSIBILITY  OF  MUCH  INSOLATION  REACHING  THE  GROUND  IN  THE  FOREST. 


IN  THE  OPEN;  THE  EFFECT  OF  INSOLATION  ON  0  CM  AND  -2*5  CM  TEMPERA¬ 
TURES  WAS  QUITE  PRONOUNCED.  THE  HIGHEST  RECORDED  WERE  AT  -2*5  CM,  FOR 
REASONS  PREVIOUSLY  EXPLAINED.  THE  -2*5  CM  AND  0  CM  TEMPERATURES  WERE 
2u  F  DEG •  AND  13  F  OEG.  HIGHER,  RESPECTIVELY,  THAN  THOSE  AT  -2*5  CM  AND 
0  CM  IN  THE  FOREST.  LATER  |N  THE  DAY  ( JUNE  15),  SURFACE  HEATING  PRO¬ 
GRESSED  IN  THE  FOREST  AND  THE  TEMPERATURE  DIFFERENCE  AT  0  CM  WAS  REDUCED 
TO  10  F  OEG.,  BUT  AT  -2  >5  CM  THE  DIFFERENCE  WAS  STILL  CONSIDERABLE,  Zk  F 
DEG.,  AT  I3OO. 


An  INTERESTING  AND  DISTINCTIVE  FEATURE  UL  IHLSE  PROFILES  IS  THE  ALMOST 
NEGLIGIBLE  CHANGE  IN  AIR  TEMPERATURE  WITH  HEIGHT  ABOVE  THE  '/  .5  CM  LEVEL 
IN  THE  FOREST,  AND  ABOVE  THE  100  CM  LEVEL  IN  THE  OPEN.  VERTICAL  DIFFERENCES 
AMOUNT  TO  ONLY  1  F  DEG.  TO  3  F  DEG.  ON  BOTH  JUNE  15  (SUNNY  DAY)  AND 

June  21  (cloudy  and  rainy  day),  as  shown  in  Figures  15  and  lb  .  In  the 

CLEARING,  THE  EFFECTS  OF  INSOLATION  AND  NOCTURNAL  (RADIATIVE)  COOLING  MAY 
BE  SEEN  FROM  -2*5  CM  TO  100  CM. 


The  increase  in  temperature  of  2  F  deg.  from  -2.5  cm  to  0  cm,  and 
DECREASE  OF  5  F  DEG.  FROM  0  CM  TO  '( .$  CM  AT  0100  AT  THE  OPEN  STATION  ON 
June  15  is  intriguing.  This  increase  was  not  confined  to  the  one  day, 

FOR  IT  ALSO  APPEARS  IN  THE  JUNE  AVERAGE,  FIGURE  17*  NORMALLY,  THE  SURFACE 
WOULD  BE  EXPECTED  TO  COOL  MORE  RAPIDLY  THAN  THE  GRUUND  BENEATH  OR  THE 
AIR  ABOVE.  This  CONDITION  MAY  HAVE  BEEN  CAUSED  BY  THE  PARTIAL  SHIELDING 
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Figure  16 


OF  THE  SOIL  SURFACE  (0  Cm)  THERMOCOUPLE  3Y  CLOSELY  ADJACENT  WEEDS  OR 

grasses.  Radiation  emitted  by  he  ground  surface  was  intercepted,  in 

PART  AT  LEAST,  BY  THE  LEAVES  AND  OTHER  PARTS  OF  THE  PLANTS.  THE  LEAVES, 

IN  TURN,  RE-RADIATED  SOME  OF  THIS  ABSORBED  RADIATION  BACK  TOWARD  THE 
GROUND  AND  SOME  TOWARD  THE  SKY*  IN  THIS  MANNER,  ALL  RADIATION  FROM  THE 
GROUND  DID  NOT  ESCAPE  DIRECTLY  TO  THE  SKY,  THE  NET  RADIATION  LOSS  FROM 
THE  GROUND  WAS  REDUCED,  AND  SURFACE  COOLING  DID  NOT  PROGRESS  AT  ITS 
MOST  EFFICIENT  AND  RAPID  RATE. 

On  June  21  (Fig. 1 6) ,  rain  and  clouds  exerted  a  moderating  influence 

ON  AIR  AND  SURFACE  TEMPERATURES,  PARTICULARLY  AT  THE  OPEN  SI  AT  I  ON,  WHERE 
THE  HIGHEST  TEMPERATURES  OCCURRED  IN  THE  SOIL  AND  THE  LOWEST  IN  THE  AIR. 

IN  THE  FOREST,  THE  TEMPERATURES  WERE  HIGHEST  AT  THE  SURFACE,  EXCEPT  AT 
1900  WHEN  THEY  WERE  ISOTHERMAL  BETWEEN  0  CM  AND  400  CM;  ON  THE  GROUND, 

THE  TEMPERATURE  DECREASED  RAPIDLY  WITH  DEPTH. 

Brunt  (1946),  who  studied  the  distribution  of  temperature  in  a 
FOREST  WITH  A  THICK  CANOPY,  SUCH  AS  THAT  IN  WHICH  THE  WOODS  STATION  WAS 
LOCATED,  FOUND  THAT  DURING  A  CLEAR  DAY  THERE  IS  A  GENERAL  INVERSION  BELOW 
THE  CANOPY  WITH  COOL  AIR  NEAR  THE  SURFACE.  THE  INCREASE  IN  TEMPERATURE 
FROM  SURFACE  TO  CANOPY  IS  NOT  REGULAR.  THE  BASE  OF  AN  INVERSION  OCCURS 
NEAR  THE  BASE  OF  THE  CANOPY;  BELOW  THIS  THERE  IS  AN  INCREASE  IN  TEMPERATURE 
ABOUT  ONE-HALF  WAY  TO  THE  GROUND  FOLLOWED  BY  ANOTHER  INVERSION  THAT  EXTENDS 
TO  THE  GROUND.  BRUNT  ASCRIBES  THE  INTERMEDIATE  MAXIMUM  OF  TEMPERATURE 

(about  400  cm  at  Big  Delta)  to  the  penetration  of  solar  radiation  through 

THE  CANOPY  AND  ABSORPTION  BY  TREE  TRUNKS.  RESULTS  AT  BlG  DELTA  ONLY 
PARTIALLY  SUPPORT  BRUNT'S  CONCLUSIONS,  AND  WHERE  IN  AGREEMENT,  ARE  NOT 
NEARLY  SO  PRONOUNCED.  MEASUREMENTS  WERE  NOT  MADE  TO  THE  BASE  OF  THE 
CANOPY  (about  600  TO  700  Cm)  AT  BlG  DELTA,  AND  BAD  WEATHER  DECREASED  THE 
FULL  EFFECTS  OF  BOTH  SOlaK  AND  NOCTURNAL  RADIATION. 

Brunt  (1946)  also  found  that  on  a  clear  night  the  top  of  the  forest 
canopy  is  cooled  by  radiation  to  the  sky.  The  ambient  air,  cooled  by 
contact,  sinks  to  the  surface  and  an  inversion  builds  up  FROM  the  surface 
to  the  canopy.  This  condition  was  not  observed  at  Big  Delta,  primarily 

DUE  TO  CLOUDINESS  AND  THE  VERY  SHORT  NIGHTS,  WHICH  NEITHER  PROVIDED  PROPER 
CONDITIONS  NOR  ALLOWED  SUFFICIENT  TIME  FOR  MUCH  NOCTURNAL  COOLING. 

Temperature  distribution  in  the  open  conformed  generally  to  the  day¬ 
time  (incoming  radiation  or  insolation  type)  and  nocturnal  (outgoing  radi¬ 
ation  type)  temperature  distributions  discussed  by  Geiger  (1957,  pp* 

6-9  ,  62-79)  and  Buss  (1956)  •  Cloudy  or  wet  weather  was  again  chiefly 
instrumental  in  limiting  the  effects  of  insolation  and  nocturnal  radiation, 

AND  THE  EXTREMES  NOTED  BY  GEIGER  AND  BLISS  WERE  NOT  APPROACHED  AT  BlG 

Delta  during  June. 

The  very  rapid  decrease  of  temperatures  with  depth,  shown  in  Figure  17, 
is  similar  to  the  illustration  presented  by  Geiger  ( 1 957,  p»  34),  and  is 
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VERTICAL  DISTRIBUTION  OF  MEAN  TEMPERATURES 
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TEMPERATURE  (*F) 


IN  AGREEMENT  WITH  RESULTS  OBTAINED  BY  BLISS  IN  HIS  INVESTIGATIONS  ( 1 95^) * 

Results  obtained  at  Big  Delta  were  also  similar  to  the  findings  of 
Baum  (19^9b)>  the  daily  range  of  temperature  increasing  near  and  at  the 
ground  surface. 

At  the  OPEN  station,  the  ranges  of  temperature  at  0  cm  and  -2-5  cm 
on  June  l^j  were  21  F  deg.  and  3^  F  deg.,  respectively  (Fig.  15).  In 

CONTRAST,  THE  TEMPERATURE  RANGE  AT  THESE  SAME  LEVELS  ON  JUNE  21  WAS  ONLY 

5  F  deg.  (Fig.  1 6) .  The  mean  daily  range  was  about  18  F  deg.  at  0  cm  and 
20  F  deg.  at  -2.S  cm  (Fig.  17)  •  These  values  arc  small  when  compared 

WITH  THOSE  OBSERVlii  <N  OTHER  REGIONS,  BUT  IN  A  SUBARCTIC  SUMMER  ENVIRON¬ 
MENT,  LONG  HOURS  Of  Si/ftL  I GHT ,  LOW  ELEVATION  OF  THE  SUN  WITH  RESULTING 
LOW  INTENSITY  OF  INSOLATION,  VEGETATION,  AND  USUALLY  WET  GROUND  PREVENT 
THE  OCCURRENCE  OF  LARGE  DIURN4L  RANGES  IN  TEMPERATURE,  EVEN  AT  LEVELS 
CLOSE  TO  AND  AT  THE  GROUND  SURFACE. 

(4)  Daily  mean  temperatures 

Daily  mean  temperatures  are  shown  in  Figure  18  and  in  Table 
A -3  (Appendix).  Differences  in  daily  mean  temperatures  at  the  same  levels 

BETWEEN  THE  TWO  STATIONS,  AND  BETWEEN  CONSECUTIVE  LEVELS  AT  EACH  STATION, 
ARE  PRESENTED  IN  FIGURE  19* 

Hide  (1943)  states  that  temperature  is  probably  the  most  variable 

PROPERTY  OF  SURFACE  SOIL.  HE  POINTS  OUT  THAT  NUMEROUS  PAPERS  DEALING  WITH 
SOIL  TEMPERATURES  ARE  AVAILABLE,  BUT  THAT  DAILY  FLUCTUATIONS  USUALLY  HAVE 
NOT  BEEN  EMPHASIZED  NOR  HAS  THE  RELATIONSHIP  BETWEEN  TEMPERATURES  AT 
DIFFERENT  DEPTHS  OF  SOIL  AND  THOSE  OF  THE  AIR  BEEN  CLEARLY  DEFINED.  FIGURE 
18  SHOWS  THE  DAY-BY-OAY  COURSES  OF  SOIL  AND  AIR  TEMPERATURES.  FIGURE  10, 
SHOWING  TOTAL  DAILY  GLOBAL  TOLAR  RADIATION  AND  THE  DAILY  MEAN  CLOUDINESS 
(SKY  COVER),  SHOWS  THE  OOMINANT  INFLUENCE  OF  INSOLATION  AND  CLOUDS. 

(5)  Differences  in  daily  me.v;  temperatures 
(  a)  OPEN  compared  to  WOODS 


Differences  in  daily  mean  temperatures  at  the  same  level 

BETWEEN  THE  TWO  STATIONS  ARE  SHOWN  IN  FIGURE  19A.  THESE  CURVES  CORRESPOND 
CLOSELY  TO  THOSE  FOR  MEAN  HOURLY  TEMPERATURES,  IN  THAT  THE  LARGEST  D! FFCR- 
ENCES,  4  TO  24  F  DEG.,  OCCURRED  IN  THE  GROUND.  DIFFERENCES  IN  THE  AIR 
WERE  ONLY  0«5  TO  6  F  DEG.  CLOUDS  AND  RAIN  WERE  AGAIN  RESPONSIBLE  FOR-  RE¬ 
DUCING  DIFFERENCES  GREATLY  ON  SOME  DAYS,  ESPECIALLY  JUNE  21  AND  22. 

Soil  temperature  differences  (at  -2. 5  cm  and  below)  were  greater  than 

10  F  DEG.  AND  FREQUENTLY  MORE  THAN  15  F  DEG.,  EXCEPT  AT  -2*5  CM  ON  CLOUDY 
OR  RAINY  DAYS.  THE  LARGEST  DIFFERENCE  BETWEEN  STATIONS,  23*7  F  &*«•>  WaS 
AT  THE  -30  CM  DEPTH  ON  JuNE  l6.  On  THIS  DAY,  THE  TEMPERATURE  AT  -30  CM 
IN  THE  FOREST  WAS  ONLY  32-3  f  WHILE  THAT  AT  THE  OPEN  STATION  WAS  5o*0  F, 
DISPLAYING  THE  EFFECT  OF  INSOLATION. 
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Figure  18 


(b)  Vertical  gradients 


The  rapid  decrease  or  ground  temperature  with  depth  shows 

IN  THE  LARGE  TEMPERATURE  DIFFERENCES  BETWEEN  -2.5  CM  AND  -15  CM,  AND  BETWEEN 

0  cm  and  -2*5  cm  (Fig.  19b).  Differences  in  daily  mean  air  temperatures 

WERE  LESS  THAN  2  F  DEG.  BETWEEN  CONSECUTIVE  (ADJACENT)  LEVELS.  DIFFERENCES 
IN  DAILY  MEAN  TEMPERATURES  WERE  SIMILAR  TO  THOSE  OF  MEAN  HOURLY  TEMPERA¬ 
TURES.  For  MEAN  HOURLY  TEMPERATURES,  HOWEVER,  DIFFERENCE  BETWEEN  0  CM  AMD 
-2. 5  CM  WERE  GREATER  THAN  THOSE  BETWEEN  -2. 5  CM  AND  -15  CM  DURING  HOURS 
OF  GREATEST  INSOLATION,  0600  TO  1300.  THIS  WAS  NOT  TRUE  FOR  DAILY  MEAN 
TEMPERATURES,  FOR  THE  HOURS  OF  SURFACE  HEATING  EACH  DAY,  REDUCED  AS  THEY 
WERE  BY  THE  TREES  AND  THE  CLOUDY,  WET  WEATHER,  WERE  INSUFFICIENT  TO  MAKE 
THE  DIFFERENCES  BETWEEN  0  CM  AND  -2. 5  CM  AS  GREAT  AS  THE  LARGE  AND  CONTINUOUS 
DIFFERENCES  BETWEEN  -2. 5  CM  AND  -1 5  CM  CAUSED  BY  THE  FROZEN  LAYER  AT  ~30  CM 
AND  DEEPER.  THE  TEMPERATURE  DIFFERENCE  BETWEEN  0  CM  AND  ~30  CM  AT  MIDDAY 
WAS  ALWAYS  LARGER  THAN  12  F  DEG.  AND  WAS  FREOUEMTLY  LARGER  THAN  25  F  DEG. 

Large  temperature  differences  also  occurred  in  the  soil  at  the  OPEN 

STATION  BUT  WERE  NOT  NEARLY  SO  MARKED  AS  THOSE  IN  THE  FOREST.  In  THE 
OPEN,  THE  WARMING  OF  THE  SOIL  HAD  PROGRESSED  CONSIDERABLY  DURING  MAY  AND 
EARLY  JUNE  (surface  AND  SOIL  TEMPERATURES  WERE  NEVER  LESS  THAN  45  F)  AND 
DIURNAL  FLUCTUATIONS  WERE  APPARENT  TO  -60  CM.  VARIATIONS  IN  SOIL  TEMPERA¬ 
TURES  WERE  DIRECTLY  RELATED  TO  DAY' BY- DAY  VARIATIONS  IN  RADIATION  (CLOUDI- 
NESS)  AND  PRECIPITATION. 

A  DISTINCTIVE  FEATURE  IN  THE  OPEN  WAS  THE  DIFFERENCE  IN  TEMPERATURE 
BETWEEN  0  CM  AND  -2.5  CM  AND  BETWEEN  7*5  CM  AND  0  CM.  DAILY  MEAN  TEMPERA¬ 
TURES  AT  -2.5  CM  WERE  OFTEN  HIGHER  THAN  THOSE  AT  THE  SURFACE  (0  Cm),  ES¬ 
PECIALLY  DURING  THE  FIRST  FEW  DAYS  OF  THE  PERIOD,  JUNE  12  TO  l6,  WHEN  THERE 
WERE  FEWER  CLOUDS  ANO  LESS  PM  N,  THAN  DURING  THE  MIDDLE  AND  END  OF  THE 

period.  Surface  temperatures,  as  expected,  were  higher  than  those  at  7.5 
CM.  It  must  be  surmised  that  the  lower  temperatures  AT  0  CM  THAN  AT 
-2.5  CM  WERE  CAUSED  BY  EITHER  EVAPORATIVE  COOLING  OR  BY  SHIELDING  (SHADING, 
DURING  THE  DAY) ,  OR  A  COMBINATION  THEREOF. 

When  showers  occurred  ouring  the  middle  or  end  of  the  day,  after 

THE  SOIL  HAD  BEEN  HEATED  AT  0  CM  AND  -2*5  CM,  THEN  IT  WAS  POSSIBLE  FOR  THE 
SURFACE  TO  BE  COOLED,  THROUGH  EVAPORATION,  WHILE  AT  -2*5  CM  HEAT  WAS  STILL 
RETAINED  AND  TEMPERATURES  DID  NOT  DECREASE  AS  RAPIDLY.  DURING  THE  FIRST 
SEVERAL  DAYS  OF  THE  PEFIIOD,  AND  THE  LAST  FEW,  THE  GROUND  SURFACE  WAS 
FREQUENTLY  WET  DUE  TO  INTERMITTENT  SHOWERS,  AND  THERE  WAS  BOTH  A  LOW  ENOUGH 
ATMOSPHERIC  VAPOR  PRESSURE  AND  WIND  TO  FAVOR  STRONG  EVAPORATION. 

Standard  dev i at  ions  computed  for  daily  mean  temperatures  are  given 
in  Table  HI.  Due  to  the  few  data  available  for  performing  calculations, 

THE  RELIABILITY  OF  THE  VALUES  LISTED  IS  LIMITED.  THEY  ARE  PRESENTED  ONLY 
AS  A  MEANS  OF  ROUGH  COMPARISON  OF  THE  RELATIVE  VARIABILITIES  AT  THE  SEVERAL 
HEIGHTS  AND  OEPTHS  AT  THE  TWO  STATIONS. 
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TABLE  ill 

MEAN  DAILY  TEMPERATURES,  T  (°F)  AND  STANDARD  DEVIATIONS,  S.D.  (F°) 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
June  12  -  30,  1956 


Station 


-60 

=29. 

ill 

0 

hi 

£1 

50 

100 

200 

4oo 

OPEN 

T 

47.5 

53-i 

55*9 

59.1 

58.4 

54.8 

54.5 

54.5 

53.4 

53*3 

53*5 

S.D. 

1.6 

2.5 

4.3 

10.8 

8.7 

9-3 

9.2 

O  0 
yj 

8.2 

8.1 

8.5 

WOODS 

T 

31.0 

33-2 

37-5 

44.5 

50.7 

51.1 

51.1 

51.4 

51.5 

51.6 

51.8 

S.D. 

0.0 

i-3 

1.6 

4.0 

6.9 

8.0 

8.0 

8.2 

8.1 

8.2 

3.3 

In  general,  stanoard  deviations  increase  with  increases  in  mean  tem¬ 
peratures,  THE  LARGEST  DEVIATION,  10.8  F  DEG.,  BEING  AT  -2. 5  CM  AT  THE 
OPEN  STATION.  The  SMALLEST  VALUE,  0.0  F  nFft.  (no  deviation),  was  at  -60  CM 
IN  THE  FOREST,  WHERE  THE  TEMPERATURE  REMAINED  CONSTANT  (31*0  F)  DURING  THE 
PERIOD.  IT  IS  INTERESTING  TO  NOTE  THAT  THE  HIGHEST  DAILY  MEAN  TEMPERATURE 
(59.1  F),  HIGHEST  ABSOLUTE  MAXIMUM  TEMPERATURE  (100  F)  AND  THE  GREATEST 
TEMPERATURE  RANGE  (59  F  DEG.)  ALL  OCCURRED  AT  -2.5  CM  AT  THE  OPEN  STATION. 

Values  incluoed  in  Table  lli  show  a  similarity  in  air  temperatures  at 
THE  TWO  STATIONS.  THE  LARGEST  DIFFERENCE  IN  DAILY  MEAN  AIR  TEMPERATURE  WAS 
3.7  F  DEG.  AT  7.5  CM,  AND  DIFFERENCES  IN  STANDARD  DEVIATIONS  RANGED  ONLY 
FROM  0.1  F  DEG.  AT  100  CM  AND  200  CM  TO  1  *3  F  DEG.  AT  7*5  CM* 

(6)  Temperature  frequencies  and  durations 

Relative  and  cumulative  frequencies  of  temperatures,  com¬ 
puted  FROM  HOURLY  VALUES,  ARE  SHOWN  IN  FIGURES  20  AND  21.  THE  GREATEST 
NUMBER  OF  CONSECUTIVE  HOURS  AT  OR  BELOW  SELECTED  TEMPERATURES,  AND  THE 
NUMBER  OF  CONSECUTIVE  DAYS  WITH  MINIMUM  TEMPERATURES  AT  OR  BELOW  SPECIFIED 
TEMPERATURES  ARE  GIVEN  IN  TABLE  IV  AND  V,  RESPECTIVELY. 

Figure  20  shows  the  large  contrasts  between  soil  temperatures  at 

THE  TWO  STATIONS  AND  THE  SIMILARITY  OF  AIR  TEMPERATURES.  THE  DAMPING 
EFFECT  ON  TEMPERATURE  FLUCTUATION  WITH  INCREASED  DEPTH  IS  ALSO  APPARENT. 

IN  THE  FOREST,  WHERE  .THE  CONCORDANT  EFFECTS  OF  VEGETATION  AND  FROZEN 
GROUND  ARE  CONTROLLING  INFLUENCES  THERE  WAS  NO  VARIATION  AT  -60  CM. 

THE  RANGE  OF  TEMPERATURE  AT  THE  WOODS  STATION  WAS  USUALLY  ONE-HALF  OR 
LESS  OF  THAT  AT  THE  OPEN  STATION  FOR  IDENTICAL  DEPTHS.  RANGES  VARIED 
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MPERATURE 


FROM  0  F  DEG.  (-60  CM)  TO  19  F  DEG.  (-2.5  Cm)  AT  THE  WOODS  AND  FROM  6  F 

deg.  (-60  cm)  to  59  F  DtC*  (-2 -5  cm)  at  the  OPEN  station.  The  histograms 

OF  TEMPERATURES  AT  C  CM  OVERLAF  CONSIDERABLY,  BUT  TEMPERATURES  BELOW  43  F 
DID  NOT  OCCUR  AT  THE  OPEN  STATION  AND  VALUES  ABOVE  74  F  WERE  NOT  RECORDED 
AT  THE  WOODS. 

IN  THE  AIR  (7*5  CM  AND  above)  THERF  ARE  FEW  FREQUENCIES  OF  FIVE  PERCENT 
OR  GREATER,  AND  ALL  FREQUENCIES  ARE  LESS  THAN  SEVEN  PERCENT.  The  SIMILARITY 
OF  AIR  TEMPERATURES,  CAUSED  PRIMARILY  BY  THE  PREDOMINANTLY  CLOUDY,  RAINY 
WEATHER,  IS  QUITE  APPARENT.  THERE  IS  NO  SHARP  DIFFERENTIATION  OF  TEMPERA¬ 
TURES  BETWEEN  THE  STATIONS,  BUT  ONLY  A  SLIGHT  TENDENCY  FOR  LOWER  TEMPERA¬ 
TURES  TO  BE  MORE  FREQUENT  IN  THE  FOREST  AND  FOR  HIGHER  TEMPERATURES  TO 
OCCUR  MORE  OFTEN  IN  THE  OPENING. 

Cumulative  frequencies  of  hourly  temperatures,  presented  in  Figure  21, 

PROVIDE  AN  ADDITIONAL  MEANS  OF  NOTING  DIFFERENCES  AND  SIMILARITIES  IN  SOIL 
AND  AIR  TEMPERATURES  AT  THE  TWO  STATIONS.  THE  MOST  DISTINCTIVE  FEATURES 
OF  THIS  GRAPH  ARE  THE  SMALL  RANGE  IN  SOIL  TEMPERATURES  AT  EACH  STATION,  THE 
LARGE  CONTRASTS  IN  SOIL  TEMPERATURES,  AND  SIMILARITY  OF  AIR  TEMPERATURES 
BETWEEN  THE  STATIONS. 

It  IS  OFTEN  NECESSARY  to  know  how  long  certain  temperatures  may  per¬ 
sist  AS  WELL  AS  KNOWING  HOW  OFTEN  THEY  OCCUR.  EXTREME  TEMPERATURES,  LAST¬ 
ING  ONLY  A  FEW  HOURS,  MAY  NOT  BE  AS  CRITICAL  AS  MORE  MODERATE  TEMPERATURES 
WHICH  LAST  A  DAY  OR  SEVERAL  DAYS.  ALSO,  SUDDEN  CHANGES  MAY  BE  MORE  DAMAGING 
THAN  LOW  OR  HIGH  TEMPERATURES.  PRELIMINARY  INVESTIGATIONS  PERFORMED  ON 
LADINO  CLOVER  STOLONS  BY  Bl EL,  HAVENS  AND  SPRAGUE  (1955)  INDICATE  THAT 
WITH  SLOW  COOLING  (2  F  DEG.  PER  HOUR)  THESE  PLANTS  WILL  SURVIVE  TEMPERA¬ 
TURES  AS  LOW  AS  10  F,  BUT  THAT  KILLING  OCCURS  WITH  A  MORE  RAPID  CHANGE 
(10  F  DEG.  PER  hour).  A  KNOWLEDGE  OF  THE  DURATION  OF  TEMPERATUE  IS 
ESSENTIAL  TO  A  FULL  UNDERSTANDING  OF  STRESSES  IMPOSED  UPON  FLORA  AND  FAUNA. 

It  is  important  for  determining  clothing  requirements  for  men  (Lee  and 
Lemons,  1949),  and  for  establishing  practical  design  criteria  for  materiel 
(Hay,  1945;  Sissenwine  and  Court,  1 951 ) * 

Durations  of  temperatures  above  and  below  the  following  thresholds, 
after  Conrad  and  Pollak  (l950>  pp*  1 64-68) ,  are  given  in  Tables  IV  and  V: 

32  F  (frost  days),  43  F  (vegetative  period  or  growing  season),  and  77  F 
(summer  days) .  Except  for  43  F,  these  and  temperatures  of  50  F  and  68  F 

ALSO  ARE  IMPORTANT  FOR  DETERMINING  CLOTHING  REQUIREMENTS  FOR  SOLDIERS  IN 
THE  F I  ELD* 

AN  INTERESTING  FEATURE  IN  TABLE  IV  IS  THE  VERY  SUDDEN  DECREASE  IN 
DURATION  OF  TEMPERATURES  OF  43  F  AND  50  F  FROM  -15  CM  TO  -2.5  CM  AT  THE 

WOODS  station.  This  is  caused  by  the  rapid  increase  in  temperature  toward 

THE  SURFACE ,  DUE  TO  THE  STRONGER  INFLUENCES  OT  INSOLATION  AND  PERCOLATION 
OF  WARMER  RAINWATER  AT  0  CM  AND  -2. 5  CM.  THE  DURATION  Or  SOIL  TEMPERA¬ 
TURES  AT  50  F  ANO  BELOW  IS  MUCH  GREATER  AT  THIS  STATION  THAN  AT  THE  OPEN. 
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TABLE  IV 

GREATEST  NUMBER  OF  CONSECTUVE  HOURS  AT  OR  BELOW  SELECTED  TCMPERATURES 
WOOOS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
June  12  -  30,  1956 


Thermocouple  Temperature  (°F) 

height  (cm) 

32  43  50  66  77 


WOODS 

OPEN 

WOODS 

OPEN 

WOODS  OPEN 

WOODS 

OPEN 

WOODS 

.OPEN 

-60 

456 

0 

456 

0 

456 

269 

456 

456 

456 

456 

.30 

92 

0 

456 

0 

456 

59 

456 

456 

456 

456 

-15 

0 

0 

456 

0 

456 

3i 

456 

456 

456 

456 

-2-5 

0 

0 

4o 

0 

289 

32 

456 

1 48 

456 

310 

Surface 

0 

0 

29 

0 

39 

20 

456 

102 

456 

311 

7-5 

0 

0 

3’ 

17 

4i 

37 

309 

242 

456 

312 

25 

0 

0 

31 

28 

37 

37 

309 

242 

456 

420 

50 

0 

0 

31 

27 

4i 

37 

309 

242 

456 

421 

1  r\r\ 

0 

0 

31 

28 

4i 

38 

309 

244 

456 

456 

200 

0 

0 

31 

23 

4i 

37 

309 

244 

456 

456 

4oo 

0 

0 

32 

28 

4o 

37 

309 

244 

456 

436 
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TABLE  V 

NUMBER  OF  CONSECUTIVE  DAYS  WITH  MINIMUM  I EMPERATURES 
AT  OR  BELOW  SELECTED  TEMPERATURES 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
31 G  DELTA,  ALASKA 
June  12  -  30,  1 956 

Thermocouple  Temperature  (°F) 

height  (cm) 

32  43  50  68  77 


WOODS. 

.OPEN 

WOODS 

.OPEN 

WOODS 

OPEN 

WOODS  OPEN 

WOODS 

OPEN 

-60 

19 

0 

19 

0 

>9 

19 

'9 

19 

19 

19 

-30 

6 

0 

19 

0 

19 

3 

19 

19 

19 

19 

-;5 

0 

0 

19 

0 

19 

5 

19 

19 

19 

19 

-2.5 

0 

0 

16 

0 

19 

7,7 

19 

19 

19 

19 

Surface 

0 

0 

7  (6) 

0 

18 

8  (6) 

19 

19 

19 

19 

7-5 

0 

0 

13 

5  (4) 

19 

9  (6) 

19 

19 

19 

19 

25 

0 

0 

6,6 

5,5 

19 

9  (6) 

19 

19 

19 

19 

50 

0 

0 

7  (6) 

6  (5) 

19 

9  (6) 

19 

19 

19 

19 

100 

0 

0 

7- (6) 

6  (5) 

19 

9  (6) 

19 

19 

19 

19 

200 

0 

0 

7  (6) 

6  (5) 

19 

9  (6) 

19 

19 

19 

19 

O 

O 

0 

0 

7  (6) 

6  (5) 

19 

9  (6) 

19 

19 

19 

'.9 

Where  two  periods  of  nearly  egual  length  occur  the  shorter  period  is 

GIVEN  IN  PARENTHESES. 


46 


Durations  of  air  temperatures  at  the  stations  are  similar,  and  in 

SOME  INSTANCES,  IDENTICAL.  THE  LARGEST  DIFFERENCES  OCCUR  AT  AND  UNDER 
TEMPERATURES  OF  Co  F  AND  ]]  F  AT  pO  CM,  2 5  CM,  AND  ] .$  CM. 

THE  LONGEST  DURATIONS  OF  LOW  AIR  TEMPERATURES  OCCURRED  FROM  JUNE  20 
THROUGH  June  23,  DAYS  HAVING  THE  HIGHEST  PERCENTAGE  OF  CLOUDS,  THE  GREATEST 
AMOUNTS  OF  RAIN,  AND  THE  LEAST  INSOLATION. 

In  Table  V  there  are  large  differences  between  the  longest  continuous 
RUNS  OF  CONSECU I  I  VE  MINIMA  <50?"  AT  WOODS  AND  OPEN.  THIS  IS  BFCAUSE 
MINIMA  IN  THE  OPENING  VARY  ABOVE  AND  BELOW  5 0  F  WHILE  IN  THE  SHELTERED 
FOREST  THEY  ARE  ALWAYS  50  F  OR  BELOW.  THE  TOTAL  NUMBER  CF  DAYS  WITH  AiR 
TEMPERATURES  <  5^  F  AT  THE  OPEN,  HOWEVER,  WAS  ONLY  FOUR  LESS  THAN  AT  THE 
WOODS.  It  is  SURMISED  that  these  differences  might  have  been  EVEN  LESS 
HAD  NOT  NIGHTTIME  CLOUDINESS  KEPT  MINIMUM  TEMPERATURES  IN  THE  OPENING  FROM 
FALLING  TO  50  F  OR  BELOW  ON  SEVERAL  DAYS. 

Perhaps  of  greater  interest,  ape  the  variations  in  soil  temperatures 

AT  THE  OPEN  STATION.  MINIMUM  TEMPERATURES  OF  5^  F  OR  LESS  WERE  RECORDED 
ON  ALL  19  DAYS  AT  -60  CM,  BUT  ONLY  ON  THREE  CONSECUTIVE  DAYS  AT  -30  CM 
AND  7  AND  0  CONSECUTIVE  DAYS  AT  -2-5  CM  AND  0  CM,  RESPECTIVELY.  AT  -60  CM, 
TEMPERATURES  WERE  CONTINUOUSLY  CONTROLLED  BY  THE  COLDER  GROUND  BELOW, 
WHEREAS  AT  0  CM  AND  -2.5  CM  TEMPERATURES  WERE  LOWERED  THROUGH  CONTACT  WITH 
CuLDER  AIR,  EVAPORATION,  R Al NFALL.  AND,  TO  A  LESSER  EXTENT,  THROUGH  RADI  - 
AT  I  ON AL  COOLING.  The  -15  CM  AND  ~30  CM  LEVELS,  LYING  BETWEEN  COOLER  LAYERS 
ABOVE  AND  BELOW,  RETAINED  MUCH  OF  THE  HEAT  RECEIVED  DURING  PERIODS  OF 
INSOLATION,  WERE  NOT  COOLEO  TO  THE  EXTENT  OF  THE  OTHER  LEVELS  AND,  CONSE¬ 
QUENTLY,  MINIMUM  TEMPERATURES  REMAINED  HIGHER. 

(7)  Cumulated  temperatures 

Cumulated  daily  mean  temperatures.  Table  VI,  were  computed 

FOR  EXCESSES  ABOVE  THRESHOLD  VALUES  OF  32  F  AND  43  F. 

In  LIEU  OF  SATISFACTORY  FROST  DATA,  32  F  WAS  USED  TO  DETERMINE  THE 
OCCURRENCE  OF  KILLING  FROSTS.  CONRAD  AND  POLLAK  ( 1 950,  p.  1 67)  QUOTE  A 
DEFINITION  PROVIDED  BY  C.  F.  BROOKS  AS  FOLLOWS! 

A  KILLING  FROST  IS  ONE  WHICH  KILLS  THE  GENERAL  VEGETATION  AT  A  PLACE. 

There  is  no  specific  meteorological  definition.  Where  the  vegetation  is 

SUCCULENT  AND  EASILY  DAMAGED  BY  FROST,  A  KILLING  FROST  WILL  OCCUR  AT  A 
HIGHER  TEMPERATURE  THAN  WHERE  THE  VEGETATION  IS  HARDY.  In  THE  ABSENCE 
OF  KILL ABLE  VEGETATION,  A  TEMPERATURE  OF  J2  F  IN  A  THERMOMETER  SHELTER 
IS  TAKEN  AS  A  KILLING  FROST.  GENERALLY,  HOWEVER,  THE  KILLING  FROST,  FIRST 
IN  FALL  AND  LAST  IN  SPRING,  OCCURS  WITH  A  MINIMUM  SHELTER  TEMPERATURE 
HIGHER  THAN  F,  SOMETIMES  AO  HIGH  A3  40  F." 

These  authors  conclude,  therefore,  that  killing  frost  and  growing 

SEASON  ARE  USUALLY  DEFINED  BIOLOGICALLY. 
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TABLI  VI 

CUMULATED  DAILY  MEAN  TEMPERATURES  ( F° )  ABOVE  32°F  AND  43°F 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
June  12  -  30,  1956* 


St  at  1  on  Thermocouple  height  (cm) 


-60 

-30 

ill 

±1 

0 

hi 

§5. 

50 

100 

200 

4oo 

Above 

3  2°F 

WOODS 

0.0 

?-3 

95-3 

215.0 

320.5 

327.0 

352.1 

332.3 

333-8 

335-4 

349.0 

OPEN 

262.9 

356.5 

4o6.2 

462.2 

451.5 

388.7 

384.6 

383.2 

365.0 

362.4 

391.2 

Above 

43°f 

WOODS 

0.0 

0.0 

0.0 

36.6 

134.S 

i4i  .9 

1 42 .4 

147.2 

i48-7 

150.3 

154.1 

OPEN 

75-9 

169.5 

219.2 

275. 1 

264-5 

202.0 

198.1 

196.0 

178.6 

176.0 

181 .2 

TWO  DAYS  MISSING. 


Cumulated  temperature  is  an  index  to  both  the  amount  and  duration 

OF  AN  EXCESS  OR  DEFICIENCY  OF  AIR  TEMPERATURE  ABOVE  OR  BELOW  A  BASE  TEM¬ 
PERATURE.  In  USING  CUMULATED  TEMPERATURES,  HOWEVER,  THE  RELIABILITY  OF 
DAILY  MEAN  TEMPERATURE  MUST  BE  KEPT  IN  MIND.  WHERE  THE  DIURNAL  RANGE  IS 
LARGE,  THE  TEMPERATURE  MAY  AT  NIGHT  DIP  TO  "LETHAL"  LEVELS  EVEN  WHEN  THE 
MEAN  IS  43  f  OR  HIGHER.  DAIA  rRESENlED  IN  TABLE  VI  SHOW  THAT  DIFFERENCES 
IN  AIR  TEMPERATURES  WERE  COMPARATIVELY  SMALL,  BEING  LARGEST  AT  THE  SURFACE 
AND  7-5  CM* 

Soil  warming  in  the  spring  is  obviously  critically  important  in 
the  Subarctic  where  the  growing  season  is  very  short.  Scientists  of  the 
University  of  Alaska  and  the  Department  of  Agriculture  Experiment  Station, 
Palmer,  Alaska  have  increased  the  rate  of  snow  melting  and  soil  warming 

IN  THE  SPRING  BY  SPRINKLING  COAL  DUST  OVER  THE  FIELDS.  THIS  ARTIFICIAL 
MEANS  OF  EXPEDITING  THE  HEATING  OF  THE  SOIL  IN  THE  SPRING  CAN  BE  ACCOM¬ 
PLISHED  ONLY  OVER  SMALL  AREAS,  HOWEVER,  SUCH  AS  GARDENS  OR  TRUCK  FARMS. 

Smith  { 1 93s )  states  that  optimum  soil  temperature  for  root  growth  of 

CULTIVATED  PLANTS  IS  BETWEEN  65  F  AND  70  F.  DAILY  MEAN  SOIL  TEMPERATURES 

at  Big  Delta  during  the  period  show  that  soil  warming  had  not  progressed 

SUFFICIENTLY  TO  MEET  THIS  REQUIREMENT.  ONLY  AT  -2.5  CM  AND  0  CM  AT  THE 
OPEN  STATION  WERE  TEMPERATURES  HIGH  ENOUGH  TO  SHOW  SMALL  ACCUMULATIONS  OF 
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3-3  f"  Dt'G-  AND  0.6  F  DEG.,  RESPECTIVELY.  BECAUSE  OF  LOW  SOIL  TEMPERATURES 
IN  SPRING  AND  EARLY  SUMMER,  MANY  OF  THE  CULTIVATED  PLANTS  IN  THE  SUBARCTIC 
MOST  BE  STARTED  UNDER  COLD  FRAMES  OR  IN  M©TH0U3:E9  AND  LATER  TRANSPLANTED. 
A  !■  LW  HARDIER  VARIETIES,  SUCH  AS  POTATOES  AND  TURNIPS,  MAY  BE  PLANTED 
DIRECTLY  AS  SOON  AS  THE  GROUND  HAS  THAWED  SUFFICIENTLY  TO  BE  WORKED,  GEN¬ 
ERALLY  late  May  or  early  June  at  Big  Delta. 

(6)  Degree  days 

Degree  days  are  the  generally  accepted  means  for  determining 

HEATING  REQUIREMENTS,  AND  ARE  COMPUTED  USING  DAILY  MEAN  TEMPERATURES  AND 
A  BASE  OF  65  F.  One  DEGREE-DAY  UNIT  IS  A  DEPARTURE  OF  1  F  DEG.  OF  THE 
DAILY  MEAN  TEMPERATURE  BELOW  £'5  F • 

In  summer,  heating  requirements  in  the  Subarctic  are  minor.  Never¬ 
theless,  DEGREE  DAYS  MAY  BE  USED  AS  A  FURTHER  MEANS  OF  COMPARING  THE 

microclimates  of  the  two  stations.  Table  VII  lists  degree  days  for  the 
WOODS  AND  OPEN  stations  based  on  daily  MEAN  air  temperatures  at  the 
SEVERAL  HEIGHTS.  THERE  WAS  A  SMALL,  BUT  STEADY,  DECREASE  OF  DEGREE  DAYS 
WITH  HEIGHT  IN  THE  FOREST,  BUT  THE  REVERSE  OCCURRED  IN  THE, OPEN.  At 
THE  SAME  THERMOCOUPLE  HEIGHTS,  THE  OPEN  STATION  WAS  WARMER  (FEWER  DEGREE 
DAYS)  THAN  THE  WOODS. 

In  THE  FOREST,  OWING  TO  A  MINIMUM  OF  SURFACE  HEATING,  THERE  WAS  ONLY 
A  SMALL  DECREASE  ( 12  DEGREE  DAYS)  FROM  7*5  CM  T0  ^00  CM.  AT  THE  OPEN 
STATION,  DUE  TO  SURFACE  HEATING,  HIGHEST  TEMPERATURES  AND,  THEREFORE, 

THE  LEAST  NUMBER  OF  OEGREE  OAYS  OCCURRED  NEAR  THE  SURFACE,  AND  THERE  WAS 
AN  INCREASE  OF  21-5  DEGREE  DAYS  FROM  (*5  CM  T0  CM. 


TABLE  VII 

DEGREE  DAYS  (65°F  BASE) 

WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
June  12-30,  1956* 

Station  Thermocouple  height  (cm) 


hi 

52 

100 

200 

4oo 

OPEN 

172.3 

177-3 

178.8 

196.0 

198.6 

193.8 

WOODS 

234.0 

233.4 

228.7 

227.2 

225.6 

222.0 

Difference 

WOODS-OPEN 

61.7 

56.1 

49.9 

31.2 

27.0 

28.2 

♦TWO  DAYS  MISSING. 
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The  greatest  difference  between  the  stations,  6l«7>  occurred  at  the 
7.5  cm  level.  Above  this  level,  differences  slowly  decreased  to  28,2  at 
400  cm.  These  relative  differences  accord  with  those  in  mean  temperature. 

(9)  Effects  of  weather 

The  pronounced  influences  of  clouds  and  precipitation  on 
radiation  and  temperature  were  discussed  above.  Summer  is  the  season  of 
maximum  precipitation  and  clouds,  and  these  tend  to  minimize  extreme 

CONDI T I ONS,  AS  DOES  VEGET  AT I  ON.  BECAUSE  ALMOST  ALL  DAYS  WERE  CLOUDY  AND/OR 
RAiNY  DURING  THE  PERIOD,  IT  WAS  OFTEN  DIFFICULT  TO  DISTINGUISH  BETWEEN  THE 
EFFECTS  OF  WEATHER  AND  THOSE  OF  THE  VEGETATION  AT  THE  WOODS  STATION,  OR 
TO  DETERMINE  THE  MAGNITUDE  OF  EITHER.  FIGURE  22  SHOWS  MEAN  HOURLY  RADI¬ 
ATION  and  Figure  23  shows  the  daily  course  of  temperature  for  each  level 
AT  EACH  STATION  ON  A  RADIATION  DAY  (GEIGER,  1 957 >  P*  3^) >  A  CLOUDY 
(overcast)  DAY,  AND  ON  A  CLOUDY  DAY  WITH  RAIN. 

June  15  was  selected  to  illustrate  the  temperature  course  on  a  radi¬ 
ation  DAY,  OR  DAY  WITH  STRONG  INSOLATION  (FlG.  23A)  .  THIS  DAY  HAD  THE 
SECOND  GREATEST  TOTAL  DAILY  RADIATION,  66l  LY,  DESPITE  A  MEAN  SKY  COVER 
OF  66  PERCENT  (COMPARED  WITH  A  MEAN  OF  83  PERCENT  FOR  THE  PERIOD).  UNDER 
THESE  CONDITIONS,  THE  GREATEST  CONTRAST  BETWEEN  THE  F  rfEST  AND  OPEN  AREAS 
DURING  THE  PERIOD  COULD  REASONABLY  BE  EXPECTED.  Ll  ( 1 9^6,  P.  42)  NOTED 
THAT  FORESTS  LOWER  MEAN  DAILY  MAXIMUM  AIR  TEMPERATURES  AND  ALSO  DIMINISH 
THE  DAILY  RANGE  IN  AIR  TEMPERATURES.  BOTH  THESE  EFFECTS  ARE  SHOWN  IN 

Figure‘23A.  The  range  of  temperatures  is  not  only  greater  and  maximum 

TEMPERATURES  HIGHER  AT  EACH  LEVEL  AT  THE  OPEN  STATION,  BUT  SIGNIFICANT 
TEMPERATURE  DIFFERENCES  ARE  OBSERVED  BETWEEN  CONSECUTIVE  LEVELS  WHICH  DO 
NOT  APPEAR  IN  THE  FOREST.  THIS  CAN  BE  ATTRIBUTED  TO  THE  QUICK  RESPONSE 
OF  THE  COMPARATIVELY  BARE  SOIL,  AND  ADJACENT  AIR  LAYERS,  TO  HEATING  BY 
SOLAR  RADIATION.  THIS  IS  SHOWN  BY  THE  HIGH  TEMPERATURE,  9 2  F  AT  0900 
AT  -2*5  CM,  WHICH  OCCURRED  NEARLY  SIMULTANEOUSLY  WITH  HOURS  OF  MINIMUM 
CLOUDINESS  (1000,  0.3  SKY  COVER)  AND  MAXIMUM  SOLAR  RADIATION  (1000, 

68  LY)  OF  THE  DAY.  THF.  INCREASE  OF  DAILY  AIR  TEMPERATURE  RANGE  AT 
LEVELS  CLOSE  TO  THE  GROUND  SURFACE  I S  (IOT  NEARLY  SO  PRONOUNCCD  AS  THAT 
DISCUSSED  BY  BAUM  ( 1 9^9b) -  ONLY  THE  -2.5  CM  DEPTH  AT  THE  OPEN  STATION 
EXHIBITS  A  TEMPERATURE  RANGE  SUBSTANTIALLY  GREATER  THAN  THAT  AT  THE 
OTHER  DEPTHS  AND  ONE  THAT  APPROACHES  DAILY  TEMPERATURE  RANGES  OBSERVED 
AT  AND  NEAR  THE  SURFACE  IN  MIDDLE  LATITUDES. 

Figure  23B  shows  the  course  of  temperature  on  June  2f,  a  cloudy  day 

(0.88  SKY  COVER)  HAVING  ONLY  A  MODERATE  AMOUNT  OF  SOLAR  RADIATION  (294  LY)  . 
At  each  STATION  AIR  TEMPERATURE  curves  at  all  levels  were  similar,  ampli¬ 
tudes  BEING  CURTAILED  CONSIDERABLY,  AND  DIFFERENCES  BETWEEN  AIR  AND  SOIL 
TEMPERATURES  were  sharply  reduced,  as  were  differences  between  the  same 
LEVELS  AT  THE  TWO  STATIONS. 

Highest  temperatures  still  occurred  at  -2.5  cm  at  the  OPEN  station, 

BUT  DIFFERENCES  BETWEEN  -2 >5  CM  AND  0  CM  WERE  NEGLIGIBLE  IN  MOST  INSTANCES. 
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DIURNAL  COURSE  OF  TEMPERATURE  ON  A  SUNNY  DAY  ON  A  CLOUDY  DAY.  AND  ON  A  CLOUDY  DAA  WITH  RAIN  IN  JU  NE. 
WOODS  ASn  OPEN  MICROCLIMATIC  STATIONS.  BIG  DF.LT/  .  ALASKA 


At  night,  a r  the  OPEN  station,  minimum  air  temperatures  were  lower  than 
MINIMUM  SOIL  TEMPERATURES,  OCCURRING  ABOUT  0200,  JUST  BEFORE  SUNRISE. 

This  same  condition  occurred  on  June  15,  a  relatively  clear  day,  but  it 

SHOULD  BE  NOTED  THAT  DURING  THE  EARLY  MORNING  HOURS  OF  JUNE  THE  SKY 
COVER  WAS  ACTUALLY  LESS  THAN  ON  JUNE  IS,  AND  THE  SIMILARITY  IN  TEMPERA¬ 
TURE  IS,  THUS,  READILY  UNDERSTANDABLE.  IN  THE  FOREST,  THE  LOW  TEMPERAr 
TURE  AT  -15  CM  AND  DEEPER  WAS  EVIDENTLY  RESPONSIBLE  FOR  KEEPING  SOIL 
TEMPERATURES  AT  LESSER  DEPTHS  AT  OR  BELOW  AIR  TEMPERATURES  MOST  OF  THE 
TIME. 


Ll  (1926,  P.  46)  STATES  THAT  THE  EFFECT  OF  INCREASED  SOIL  MOISTURE 
(PRECIPITATION)  IS  TO  LOWER  MAXIMUM  SOIL  TEMPERATURES,  LOWER  MEAN  SOIL 
TEMPERATURES,  RAISE  MINIMUM  SOIL  TEMPERATURES,  AND  GREATLY  DECREASE  THE 
AMPLITUDES  OF  SOIL  TEMPERATURES.  FRANKLIN  ( 1 9^  9)  POINTS  OUT  THAT  PERCO¬ 
LATING  RAIN  IS  MOST  IMPORTANT  IN  PRODUCING  MINOR  (DIURNAL)  FLUCTUATIONS 
IN  SOIL  TEMPERATURE.  FRANKLIN  ALSO  EMPHASIZES  THAT  RAIN  IS  A  GREAT 
EQUALIZER  OF  TEMPERATURE  BETWEEN  THE  SURFACE  AND  UNDERGROUND,  AND  THAT  THE 
FIRST  RISE  IN  TEMPERATURE  UNDERGROUND  (iN  ENGLAND)  IS  DUE  TO  WARM,  SPRING 
RAINS.  GLOYNE  (1950)  SUPPORTS  THIS  STATEMENT,  NOTING  THAT  RAIN  ANd/oR 
LACK  OF  SUNSHINE  REDUCES  THE  MAGNITUDE  AND  REGULARITY  OF  DIURNAL  OSCIL¬ 
LATIONS  OF  SOIL  TEMPERATURES.  FIGURE  ZJ,C,  WHICH  SHOWS  THE  COURSE  OF 
TEMPERATURE  ON  A  CLOUDY  AND  RAINY  DAY  ( JUNE  21 ),  ILLUSTRATES  SOME  OF  THESE 
SAME  CONDITIONS.  JUNE  21  WAS  A  CLOUDY  (COMPLETELY  OVERCAST)  DAY  WITH 
ALMOST  CONTINUOUS  RAIN  AND  VERY  LITTLE  SOLAR  RADIATION  (79  LY)  .  THE 
MOST  DISTINCTIVE  FEATURE  OF  THIS  GRAPH  IS  THAT  AIR  TEMPERATURES  WERE 
LOWER  THAN  SOIL  TEMPERATURES  AT  THE  OPEN  STATION.  THIS  WAS  CAUSED  BY 
THE  ADVECT I  ON  OF  FRESH,  COOL,  MOIST  AIR  FROM  THE  BERING  SEA  IN  THE  WEST, 
AND  ASSOCIATED  RAIN,  WHICH  LOWERED  AIR  TEMPERATURES.  |N  THIS  CASE, 
RAINWATER  DID  NOT  SIGNIFICANTLY  AFFECT  TEMPERATURES  IN  THE  SOIL,  EXCEPT 
AT  0  CM  AND  -2-5  CM  IN  THE  OPEN.  TEMPERATURES  AT  THESE  TWO  LEVELS  WERE 
NEARLY  IDENTICAL,  AND  RESPONSIBILITY  FOR  THIS  EQUALIZING  EFFECT  MUST  BE 
SHARED  BY  BOTH  CLOUDS  AND  RAIN. 


(10)  Globe  thermometer  temperatures 


The  above 

TIONS  AT  THE  STATIONS  ON 
IN  ADDITION  TO  THESE  TWO 
MUST  BE  CONSIDERED  FOR  A 
THERMAL  ENVIRONMENT. 


DISCUSSION  PROVIDES  A  MEANS  OF  COMPARING  CONDI - 
THE  BASIS  OF  SOLAR  RADIATION  AND  TEMPERATURE. 
ELEMENTS,  HOWEVER,  THE  EFFECTS  OF  WIND  ALSO 
FULLER  UNDERSTANDING  AND  APPRECIATION  OF  THE 


The  INSTRUMENT  COMMONLY  USED  TO  MEASURE  THE  SIMULTANEOUS  EFFECTS  OF 
TEMPERATURE,  WIND,  AND  RADIATION  IS  THE  GLOBE  THERMOMETER.  GlOBE- 
THERMOMETER  TEMPERATURES  WERE  MEASURED  AT  BlG  DELTA  TO  DETERMINE  DIF¬ 
FERENCES  IN  THE  DEGREE  OF  WARMNESS  OR  COOLNESS  BETWEEN  THE  STATIONS- 

Vernon  (1932)  describes  the  globe  thermometer  as  an  instrument  used  to 

RECORD  IN  A  SINGLE  MEASURE  THE  SUMMATED  EFFECT  OF  DIVERSE  RADIATIONS 
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FROM  ALL  SOURCES,  NEGATIVE  AND  POSITIVE,  AS  WELL  AS  THE  INFLUENCE  OF  CON¬ 
VECTION  AND  CONDUCTION.  BEDFORD  AND  WARNER  ( 1 934)  CREDIT  VERNON  WITH  IN¬ 
TRODUCING  THE  GLOBE  THERMOMETER  AS  A  MEANS  OF  INDICATING  THE  COMBINED 
EFFECTS  OF  RADIATION  AND  CONVECTION  AS  THEY  AFFECT  THF.  HUMAN  BODY.  THE 
INSTRUMENT  (SHOWN  IN  Fl G.  4)  CONSISTS  OF  A  HOLLOW  6-iNCH  DIAMETER  THIN- 
WALLED  COPPER  SPHERE  PAINTED  DULL  BLACK  INTO  WHICH  A  THERMOMETER  (OR 
THERMOCOUPLE)  IS  INSERTED  WITH  THE  BULB  AT  THE  CENTER.  THE  RADIANT  EN¬ 
ERGY  EXCHANGE  BETWEEN  THE  GLOBE  THERMOMETER  AND  ITS  SURROUNDINGS  GIVES 
A  CRUDE  APPROXIMATION  OF  THAT  OF  A  NUDE  HUMAN  BODY. 

At  THE  MICROCLIMATIC  STATIONS,  DURING  SUMMER,  THERMOCOUPLES  WERE 
INSERTED  INTO  THE  GLOBES  AND  CONTINUOUS  MEASUREMENTS  MADE.  MEAN  HOURLY 
TEMPERATURES  BETWEEN  THE  STATIONS  AND  BETWEEN  GLOBE  AND  AIR  TEMPERATURES 
AT  EACH,  ANO  DAILY  MEAN  TEMPERATURES,  RELATIVE  AND  CUMULATIVE  FREQUENCIES 
OF  HOURLY  TEMPERATURES,  AND  THE  DIFFERENCES  ARE  PRESENTED  IN  FIGURES  24 
THROUGH  26. 

Mean  hourly  and  daily  mean  globe  temperatures  closely  follow  the 

CURVES  FOR  SOLAR  RADIATION  (FlG.  Q  ,  REFLECTING  THE  CHANGES  OF  SOLAR 
RADIATION  AT  1000,  1100,  AND  l400.  OviNS  TO  THE  SHADING  EFFECTS  OF  THE 
TREES,  MEAN  HOURLY  GLOBE  TEMPERATURES  IN  THE  FOREST  WERE  LOWER  BY  5  F 
DEG.  TO  10  F  DEG.,  AND  DAILY  MEAN  GLOBE  TEMPERATURES  WERE  LOWER  BY  6  F 
DEG.  AT  THE  WOODS  THAN  AT  THE  OPEN  STATION. 

THE  EFFECTS  OF  CLOUDINESS  (LACK  OF  INSOLATION)  ARE  STRIKINGLY  SHOWN 
BY  THE  CURVES  FOR  DAILY  MEAN  GLOBE  TEMPERATURES.  FROM  JUNE  20  THROUGH 
22,  DAYS  WITH  OVERCAST  SKY  AND  RAIN,  DIFFERENCES  IN  GLOBE  TEMPERATURES 
BETWEEN  THE  STATIONS  WERE  AT  A  MINIMUM,  AND  A  DIFFERENCE  OF  ONLY  1  F  DEG. 
WAS  MEASURED  ON  JUNE  21,  A  DAY  WITH  ALMOST  CONTINUOUS  RAIN. 

In  ADDITION  TO  CLOUDINESS,  WIND  LOWERS  GLOBE  TEMPERATURES.  WIND 
SPEEDS  AT  200  CM  (THE  HEIGHT  OF  THE  GLOBE  THERMOMETER)  WERE  1  TO  3  MPH 
GREATER  IN  THE  OPEN  THAN  THOSE  AT  THE  SAME  HEIGHT  IN  THE  FOREST.  THE 
EFFECT,  THEREFORE,  WAS  LARGER  AT  THE  OPEN  STATION,  AND  SO  OFFSET  THE  HEAT¬ 
ING  BY  INSOLATION  TO  SOME  EXTENT,  THEREBY  PREVENTING  THE  DEVELOPMENT  OF 
GREAT  DIFFERENCES  BETWEEN  THE  STATIONS. 

Temperature,  although  a  widely  accepted  means  of  indicating  the 

DEGREE  OF  WARMNESS  OR  COLDNESS,  IS  NOT  AN  ADEQUATE  MEASURE  FOR  DETERMINING 
HUMAN  COMFORT.  In  COLD  REGIONS.  ESPECIALLY,  THE  GLOBE  THERMOMETER,  IN¬ 
CORPORATING  CONVECTION  AND  RADIATION  AS  WELL  AS  AIR  TEMPERATURE,  PROVIDES 
A  MORE  RELIABLE  METHOD  OF  DETERMINING  THE  TOTAL  THERMAL  EFFECTS  OF  THE 
CLIMATIC  ENVIRONMENT.  A  COMPARISON  IS  PRESENTED  BETWEEN  GLOBE  TEMPERA¬ 
TURES  AND  TEMPERATURES  AT  200  CM  IN  FIGURES  24  AND  25* 

•N  THE  FOREST,  MEAN  HOURLY  GLOBE  TEMPERATURES  WERE  2.8  F  DEG.  TO 
0.0  F  DEG.  HIGHER  THAN  AIR  TEMPERATURES  DURING  HOURS  OF  GREATEST  INSOLA- 
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DIURNAL  COURSE  OF  MEAN  HOURLY  GLOBE  TEMPERATURES 
AND  DIFFERENCES,  GLOBE  AND  AIR  TEMPERATURES  AY  200  CM 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
JUNE  12  -  30,  1956 
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HOUR  OF  OAY  HOUR  OF  DAY 


daii.v  mi:a\  tkmpkkati  iiks  and  mr i  i  n  i  n < .1 

vs.  air  at  2»o  cm 


TION  (USUALLY  0900  TO  l6(X)).  At  NIGHT  (2100  TO  0230),  GLOBE  TEMPERATURES 
WERE  USUALLY  SLIGHTLY  LOWER,  0.2  F  DEG.  TO  1  .8  F  DEG.,  THAN  AIR  TEMPERA¬ 
TURES.  RADIATiONAL  COOLING  or  THE  GLOBE  THERMOMETER  AT  NIGHT,  MINIMIZED 
BY  CLOUDY  AND  RAINY  WEATHER  AND  SHORT  HOURS  OF  DARKNESS  AT  BOTH  STATIONS, 

WAS  FURTHER  LIMITED  AT  THE  WOODS  STATION  BY  THE  SPRUCE  TREES  WHICH  ABSORBED 
AND  RADIATED  BACK  MUCH  OF  THE  OUTGOING  LONG-WAVE  TERRESTRIAL  RADIATION, 

THUS  PREVENTING  MAXIMUM  COOLING  OF  THE  GLOBE. 

At  THE  OPEN  STATION,  DAYTIME  DIFFERENCES  BETWEEN  GLOBE  AND  AIR  TEMPERA¬ 
TURES  AT  200  CM  WERE  LARGER  (MAXIMUM,  1^.2  F  DEG.)  THAN  THOSE  IN  THE  FOREST. 
AT  THIS  STATION,  THE  GLOBE  WAS  FULLY  EXPOSED  TO  BOTH  DIRECT  AND  INDIRECT 
(sky)  SOLAR  RADIATION,  AND  THE  INCREASED  INSOLATION  WAS  MORE  THAN  SUFFICIENT 
TO  OFFSCT  THE  COOLING  EFFECTS  OF  STRONGER  WINDS.  DURING  THE  NIGHT,  PAR¬ 
TICULARLY  WHEN  THERE  WAS  LITTLE  SKY  COVER,  THE  GLOBE  COOLED  BY  RADIATION, 
AND,  AS  WAS  TRUE  FOR  THE  FOREST,  ITS  TEMPERATURES  WERE  SLIGHTLY  LOWER  THAN 
THOSE  OF  THE  AIR  AT  200  CM.  THE  MODERATING  INFLUENCES  OF  WEATHER,  SHORT 
NIGHTS  AND  AT  THE  FOREST  STATION,  VEGETATION,  WERE  MAINLY  RESPONSIBLE  FOR 
KEEPING  GLOBE  TEMPERATURES  WELL  ABOVE  MINIMA  ORDINARILY  ANTICIPATED  UNDER 
MORE  NORMAL  CIRCUMSTANCES. 

Daily  mean  globe  temperatures  at  both  stations  show  the  dominating 

EFFECT  OF  RADIATION  (CLObus):  TEMPERATURE  CURVES  ARE  NEARLY  IDENTICAL  WITH 
THOSE  FOR  DAILY  MEAN  RADI  AT  I CN,  AND  THE  INFLUENCE  OF  VEGETATION  IS  APPARENT 
AT  THE  WOODS  STATION.  A  MAXIMUM  DIFFERENCE  OF  9*5  F  DEG.  WAS  MEASURED 
BETWEEN  THE  GLOBE  AND  AIR  TEMPERATURES  AT  200  CM  AT  THE  OPEN  STATION,  BUT 
THE  MAXIMUM  DIFFERENCE  WAS  ONLY  4. 3  F  DEG.  AT  THE  WOODS  STATION. 

The  low  globf.  temperatures  measured  at  the  stations  on  June  21  are 

QUITE  DISTINCTINVE,  ESPECIALLY  THOSE  FOR  THE  OPEN.  On  THIS  DAY  ALONE  WAS 
THE  DAILY  MEAN  GLOBE  TEMPERATURE  AT  THE  OPEN  STATION  LESS  THAN  THE  AIR 
TEMPERATURE  AT  200  CM.  THIS  WAS  CAUSED  APPARENTLY  BY  EVAPORATIVE  COOLING 
FROM  THE  SURFACE  OF  THE  INSTRUMENT,  WHICH  WAS  KEPT  WET  BY  THE  ALMOST  CON¬ 
STANT  RAIN  THROUGHOUT  THE  DAY.  THIS  COOLING  WAS  INCREASED  BY  THE  WIND. 

IN  THE  FOREST,  THE  GLOBE  WAS  PROTECTED  BY  THE  TREES  FROM  RAIN  AND  WIND, 

AND  GLOBE  AND  AIR  TEMPERATUES  AT  200  CM  WERE  NEARLY  IDENTICAL,  THE  GLOBE 
TEMPERATURE  BEING  ONLY  0.1  F  DEG.  HIGHER. 

GLOBE -THERMOMETER  MEASUREMENTS  ARE  IMPORTANT  NOT  ONLY  WHEN  ONE  IS 
STUDYING  HUMAN  AND  ANIMAL  PHYSIOLOGICAL  RESPONSES,  BUT  ALSO  WHEN  ONE  iji 
SEEKING  CLUES  TO  NATURE'S  WORKINGS  IN  THE  PLANT  WORLD.  IT  IS  KNOWN  THAT 
CERTAIN  ARCTIC  AND  SUBARCTIC  PLANTS  FLOWER  WHEN  AIR  TEMPERATURES  ARE  STILL 
BELOW  FREEZING.  KROG  ( 1 955)  FOUND  THAT  AT  AIR  TEMPERATURES  OF  ABOUT  32  F 
THE  CATKINS  OF  SaLI  X  BECAME  27  F  DEG.  TO  4^  F  DEG.  WARMER  THAN  THE  AIR. 

This  same  feature  is  found  in  other  arctic  and  subarctic  plants.  Eriophorum 
(cotton  grass)  also  has  a  dark-colored  spikelet  with  shiny  bracts,"and 
at  Anaktuvak  Pass,  Krog  observed  spikelets  of  this  plant  yellow  with 

POLLEN  ON  THE  SIDE  TOWARD  THE  SUN,  WHILE  THE  OPPOSITE  SIDE  WAS  BLACK  AND 

undeveloped.  Air  temperatures  were  less  than  32  F  at  the  time.  Although 
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OF  INTEREST,  THESE  OBSERVATIONS  OF  «ROG  MUST  BE  SUPPORTED  BY  ADDITIONAL 
I NVESTI GATIONS. 

Figure  26  shows  the  relative  and  cumulative  frequencies  of  hourly 

TEMPERATURES  MEASURED  BY  THE  GLOBE  THERMOMETERS.  HIGH  TEMPERATURES  WERE 
NOT  AS  FREQUENT  AT  THE  WOODS  STATION  AS  WOULD  BE  EXPECTED,  OWING  TO  THE 
SHADING  BY  THE  TREES,  AND  DIFFERENCES  WERE  NOT  LARGE,  OWING  TO  THE  WEATHER 
DURING  THE  PERIOD.  THE  RANGE  OF  GLOBE  TEMPERATURES  WAS  NEARLY  IDENTICAL 
"T  BOTH  STATIONS.  THE  FACT  THAT  A  LARGE  DIFFERENCE  DID  NOT  OCCUR  CAN 
ALSO  BE  ATTRIBUTED  PARTIALLY  TO  THE  FACT  THAT  IN  HIGH  LATITUDES  MUCH  OF 
THE  TOTAL  SOLAR  RADIATION,  EVEN  IN  SUMMER,  IS  DIFFUSE.  SiNCE  DIFFUSE 
OR  SCATTERED  RADIATION  COMES  FROM  ALL  DIRECTIONS,  A  LARGER  PROPORTION 
PENETRATES  THE  FOREST  CANOPY  THAN  DOES  DIRECT  SOLAR  RADIATION.  IN  THIS 
MANNER,  DIFFERENCES  IN  THE  AMOUNTS  OF  SOLAR  RADIATION  RECEIVED  AT  THE 
STATIONS  WERE  REDUCED.  CONSEQUENTLY,  THE  DIFFERENCES  IN  GLOBE  TEMPERA* 

TURES  WERE  ALSO  REDUCED;  NEVERTHELESS,  THE  SHADOWING  EFFECT  OF  THE  TREES 
WITH  RESPECT  TO  BOTH  OIRECT  AND  DIFFUSE  RADIATION  AT  THE  WOODS  STATION 
WAS  CONSIDERABLE. 

C.  Wl ND 

Wind  is  one  of  the  more  important  of  the  environmental  factors 

TO  BE  CONSIDERED  IN  THE  SUBARCTIC  AND  ARCTIC.  It  IS  MOST  CRITICAL  IN 
WINTER.  IN  SUMMER,  WINDS  INCREASE  EVAPORATION  AND,  WHERE  SOIL  DRAIN¬ 
AGE  IS  GOOD  AND  RAINFALL  SMALL  OR  VARIABLE,  IT  MAY  BE  DETRIMENTAL  TO  THE 
GROWTH  OF  PLANTS.  |N  BOTH  SUMMER  AND  WINTER,  BLOWING  DUST  OR  SNOW  REDUCE 
VISIBILITY  AND  RESTRICT  OUTDOOR  OPERATIONS,  AND,  IN  ADDITION,  THE  DUST  AND 
SNOW  PENETRATE  EVEN  THE  SMALLEST  CRACKS  IN  MECHANICAL  (e.G.,  CAMERAS)  OR 
ELECTRICAL  (E.G.,  FIELD  TELEPHONES)  EQUIPMENT,  CAUSING  STOPPAGE  OR  DAMAGE. 

The  modifying  influence  of  FORESTS  ON  WIND,  PARTICULARLY  on  WIND  SPEEDS, 
IS  VERY  PRONOUNCED.  EXTREME  WIND  SPEEDS  OCCURRED  AT  BlG  DELTA  IN  AUGUST 
1955.  AT  THE  TIME  OF  THESE  EXCESSIVE  SPEEDS,  THE  AUTHOR  WAS  WORKING  IN 
THE  SPRUCE  FOREST  CLOSE  TO  THE  SITE  FINALLY  SELECTED  FOR  THE  WOODS  MICRO* 
CLIMATIC  STATION.  In  THE  OPEN,  GUSTS  REACHED  SPEEDS  OF  te  TO  50  MPH, 

BUT  ABOUT  150  YARDS  IN  THE  FOREST  ONLY  A  LIGHT  BREEZE  WAS  FELT  AND  THE 
LOWER  BRANCHES  OF  TREES  BARELY  MOVED.  THIS  PROTECTION  AFFORDED  BY  FORESTS 
AGAINST  STRONG  WINDS  IS  OF  VITAL  CONCERN  TO  MAN,  ANIMALS,  AND  PLANTS. 

( 1 )  Mean  hourly  wind  speeds 

Mean  hourly  wind  speeds  are  shown  in  Figure  27.  Speeds  re¬ 
corded  AT  THE  WOODS  STATION  WERE  SUBSTANTIALLY  LESS  THAN  THOSE  MEASURED 
AT  THE  OPEN  STATION.  BOTH  HEIGHTS,  3^  CM  AND  200  CM,  AT  THE  TWO  STATIONS 
SHOW  A  DIURNAL  VARIATION,  THE  STRONGEST  WINDS  OCCURRING  NEAR  MIDDAY,  AS 

usual.  This  variation  was,  naturally,  greater  at  the  OPEN  than  at  the 
WOODS  station.  Unfortunately,  no  strong  winds  were  recorded  during  the 
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TEMPERATURE(°F)  FREQUENCY  (PERCENT) 


TABLE  VIII 

WIND  SPEEDS  OCCURRING  SIMULTANEOUSLY  WITH  MAXIMUM  WIND  SPEED  (MPH). 
RECORDED  AT  200  CM  AT  THE  OPEN  MICROCLIMATIC 
STATION,  BIG  DELTA,  ALASKA 


Station 

and 

HEIGHT 

June  1  5a  ^5^ 

1700 

Speed  Direction 

June  21, 

1700 

Speed  Direction 

1956 

1600 

Speed  Direction 

OPEN 

200  cm 

1  1 

N 

1 1  NE 

1  1 

NE 

30  CM 

6 

N 

4  NE 

6 

NE 

WOODS 

200  cm 

2 

SE 

CALM 

CALM 

“ 

30  CM 

3 

E 

1  SW 

1 

SW 

PERIOD,  AND  THE  EXACT  EXTENT  OF  THE  TOREST  IN  REDUCING  STRONG  WINDS  WAS 
NOT  ASCERTAINED. 

A  MAXIMUM  WIND  SPEED  OF  11  MPH  (THREE  TIMES)  WAS  MEASURED  AT  THE  OPEN 
STATION  AT  200  CM.  THIS  LEVEL  ALSO  HAD  THE  STRONGEST  WINDS  ON  THE  AVERAGE. 

Simultaneous  speeds  at  the  other  levels  in  both  forest  and  open  areas 

ARE  GIVEN  IN  TABLE  VIII.  THESE  VALUES  SHOW  ONLY  TO  A  LIMITED  DEGREE  THE 
INFLUENCE  OF  VEGETATION  ON  WIND  SPEEDS  AND  DIRECTIONS. 

In  THE  OPEN,  MEAN  HOURL WIND  SPEEDS  AT  3^  CM  WERE  LESS  THAN  THOSE 
at  200  CM,  ON  THE  WHOLE  BEING  ONLY  75  PERCENT  AS  GREAT.  An  EXCEPTIONAL 
FEATURE  IS  SHOWN  IN  FIGURE  27,  NAMELY,  THAT  MEAN  HOURLY  WIND  SPEEDS  AT 
30  CM  IN  THE  WOODS  WERE  STRONGER  DURING  THE  DAYTIME,  0700  TO  l800,  THAN 
THOSE  AT  200  CM. 

THORNTHWAITE  (1949,  P.  2)  DISCUSSES  THE  DIFFICULTY  OF  OBTAINING  SEVERAL 
ANEMOMETERS  WHOSE  STARTING,  STOPPING,  AND  RUNNING  SPEEDS  ARE  IDENTICAL. 

Although  the  anemometers  used  at  Big  Delta  were  not  matched  for  uniform 

STARTING  SPEEDS,  THEY  WERE  CALIBRATED  PRIOR  TO  BEING  USED  AND  HAD  THRESH¬ 
OLD  VALUES  OF  ONE-HALF  MILE  PER  HOUR.  WlND  SPEED  DATA  ARE  CONSIDERED 
ACCURATE,  THEREFORE,  AND  DIFFERENCES  NOTED  BETWEEN  3 0  CM  AND  200  CM  IN 
THE  FOREST  ARE  BELIEVED  TO  HAVE  OCCURRED. 

The  following  explanation  is  offered  for  the  higher  speeds  at  the 
LOWER  LEVELS  AT  THE  WOODS  STATION.  IN  THE  FORESTS  OF  THIS  AREA,  TREES 
GROW  CLOSE  TOGETHER.  THIS  FREQUENTLY  RESULTS  IN  THE  DEATH  OF  MOST  OF  THE 
LOWER  BRANCHES  UP  TO  HEIGHTS  OF  10  OR  15  FEET.  ANIMALS,  BOTH  LARGE  AND 
SMALL,  PASS  THROUGH  THE  WOODS,  BREAKING  OFF  MANY  OF  THE  BRANCHES  AT  THE 
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VERY  LOWEST  LEVELS,  FROM  THE  SURFACE  TO  PERHAPS  2  OR  3  FEET.  In  ADDITION, 
THESE  ANIMALS  FORM  WELL -USED  TRAILS  THAT  CRISS-CROSS  THE  FORESTS.  THESE 
TRAILS  AT  THE  SURFACE  AND  THE  FEV/FR  BRANCHES  AT  LEVELS  CLOSEST  TO  THE 
GROUND  PERMIT  EASIER  PE NETRAT I  ON  OF  THE  WIND  AND  FREER  CIRCULATION  OF  AIR 
NEAR  THE  GROUND  THAN  HIGHER  UP  WHERE  BRANCHES  AND  FOLIAGE  ARE  DENSER. 

The  CONSIDERABLE  VARIATION  OF  AVERAGE  SPEED  FROM  ONE  HOUR  TO  THE  NEXT 
IS  ATTRIBUTED  BOTH  TO  THE  SHORTNESS  OF  THE  RECORD  AND,  PARTICULARLY,  TO 
THE  t.  ARGE  NUMBER  OF  CALMS  DURING  THE  PERIOD.  THE  DIFFERENCES  BETWEtN  THE 
STATIONS  AND  LEVELS.  HOWEVER,  APPRECIABLY  EXCEED  THE  INTER-HOURLY  IRREGU¬ 
LARITIES. 


(2)  Daily  mean  wind  speeds 


Figure  27  shows  daily  mean  wind  speeds  for  the  period.  As 

WITH  MEAN  HOURLY  VALUES,  THE  STRONGER  WINDS  WERE  AT  ^0  CM  I N  THE  FOREST 
RATHER  THAN  AT  200  CM.  On  NINE  OF  THE  10  DAYS  WITH  RECORDS  AT  BOTH  LEVELS, 
THE  WIND  AT  30  CM  WAS  THE  STRONGER;  ON  ONLY  ONE  WAS  IT  THE  WEAKER. 

The  STRONGEST  WINDS  WERE  RECORDED  DURING  TIMES  OF  BAD  WEATHER,  FOR 
EXAMPLE  FROM  JUNE  20  TO  JUNE  23,  AND  WERE  USUALLY  ASSOCIATED  WITH  LOW 
PRESSURE  AND  FRONTAL  SYSTEMS  MOVING  FROM  THE  BERING  SEA.  On  BRIGHT 
(RADIATION)  DAYS,  SUCH  AS  JUNE  (2  AND  JUNE  1 3,  WHEN  THERE  WERE  FEWER 
CLOUDS,  NO  "WEATHER",  AND  GREATER  INSOLATION,  WIND  SPEEDS  AT  30  CM  SLIGHTLY 
EXCEEDED  THOSE  AT  200  CM  AT  THE  OPEN  STATION. 

Mean  hourly  and  daily  mean  wind  speeds  in  the  forest  depended  to  a 

CONSIDERABLE  EXTENT  ON  THE  DIRECTION  FROM  WHICH  THE  WIND  BLEW,  SINCE 
OPENINGS,  TRAILS,  ETC.,  DID  NOT  ALLOW  EQUAL  ACCESS  FROM  ALL  DIRECTIONS. 

A  SATISFACTORY  DETERMINATION  OF  THE  CORRELATION  BETWEEN  PREVAILING  WIND 
DIRECTION  AND  WIND  SPEEDS  AT  THE  WOODS  STATION,  HOWEVER,  REQUIRES  THE 
COMPILATION  OF  \  GREATER  QUANTITY  OF  DATA  THAN  IS  NOW  AVAILABLE. 

( 3)  Frequencies  of  wind  speeds 


Relative  and  cumulative  frequencies  of  hourly  wind  speeds 
are  presented  graphically  in  Figure  26.  Differences  in  wind  speeds  between 
THE  TWO  STATIONS,  AND  ALSO  BETWEEN  THE  3°  CM  AND  200  CM  LEVELS',  ARE  ILLUS¬ 
TRATED  BY  THESE  GRAPHS. 

The  WEAKER  WINDS  AT  200  CM  IN  THE  FOREST  ARE  PARTICULARLY  WELL  SHOWN, 
FOR  IT  CAN  BE  SEEN  THAT  CALMS  OCCURRED  1 6- 3  PERCENT  MORE  FREQUENTLY  AT 
THIS  LEVEL  THAN  AT  3^  CM.  CALMS  ALSO  OCCURRED  MORE  OFTEN  AT  200  CM  AT 
THE  OPEN  STATION,  ALTHOUGH  WINDS  WERE  GENERALLY  STRONGER  AT  THIS  LEVEL 
THAN  AT  30  CM.  ALTHOUGH  THERE  WERE  FEWER  CALMS  AT  30  CM  THAN  AT  200  CMj 
THE  FREQUENCY  OF  LOW  WIND  SPEEDS,  ONLY  1  TO  2  MPH,  WAS  GREATER.  STRONGER 
WINDS,  5  MPH  OR  GREATER,  WERE  SUBSTANTIALLY  MORE  FREQUENT  AT  200  CM,  AS 
WOULD  BE  EXPECTED  FROM  THE  GREATER  FRICTIONAL  CRAG  NEAR  THE  GROUND- 


Wind  speeds  2  mph  or  greater  were  measured  only  0.9  percent  of  the 

TIME  AT  30  CM  IN  THE  FOREST  AND  ONLY  SLIGHTLY  MORE,  1.8  PERCENT,  AT  200  CM. 

At  the  OPEN  station,  frequencies  of  winds  2  mph  or  greater  were  37.8 
AND  49.9  PERCENT,  RESPECTIVELY,  AT  30  CM  AND  200  CM. 

( 4 )  Frequencies  of  wind  directions  and  avcrage  speeds  for  each 

PI RFCT I  ON 

Figure  29  shows  tw  frequencies  of  wind  directions  to  eight 

POIN.S  AND  THE  AVERAGE  Sfr-LLD  FOR  EACH  DIRECTION  AT  3°  CM  AND  200  CM  FOR 
EACH  STATION. 

AT  200  CM,  WINDS  FROM  THE  NORTHEAST  WERE  MOST  FREQUENT  (31  ’5  PERCENT) 
IN  THE  OPEN,  BUT  THE  OPPOSITE  DIRECTION,  SOUTHWEST,  WAS  MOST  FREQUENT 
(35-4  PERCENT)  IN  THE  FOREST.  AT  DOTH  STATIONS  THE  LEAST  FREQUENT  WIND 
dTrECTION  WAS  FROM  A  DIRECTION  OPPOSITE  TO  THAT  OF  THE  MOST  FREQUENT 
DIRECTION,  THAT  IS,  SOUTHWEST  (5*1  PERCENT)  AND  WEST  (4.3  PERCENT)  AT 
THE  OPEN  STATION,  AND  NORTHEAST  (3*2  PERCENT)  AT  THE  WOODS  SI  AT  I  ON . 

Another  feature  of  these  graphs  is  the  shift  of  the  most  frequent 
WIND  DIRECTION  FROM  NORTHEAST  AT  200  CM  TO  SOUTH  AT  3°  CM  AT  THE  OPEN 
STATION.  At  THE  WOODS  STATION,  SOUTHWEST  WINDS  WERE  MOST  FREQUENT  AT 
BOTH  30  CM  AND  200  CM.  THE  CHANGE  CF  WIND  DIRECTION  FROM  NORTHEAST  TO 
SOUTH  BETWEEN  200  CM  AND  30  CM  IN  THE  OPEN  MAY  BE  DUE  TO  THE  FACT  THAT 
WINDS  WERE  WEAKER  AT  30  CM  AND  INCREASED  VARIABILITY  RESULTING  IN  CHANGES 
IN  DIRECTION  OCCURS  MORE  EASILY  AT  LOW  SPEEDS. 

The  STRONGEST  AVERAGE  WINDS  WERE  RECORDED  AT  200  CM  AT  THE  OPEN 
STATION.  They  RANGED  FROM  2. fa  MPH  (east)  TO  3*6  mph  (northeast  and  south). 
The  next  strongest  were  at  3'^  cm  in  the  open,  1.6  mph  (east)  to  2.6  mph 
(northeast).  At  the  WOODS  station,  average  wind  speeds  were,  for  the  most 
PART,  ONLY  1  MPH.  HIGHER  VALUES,  1-7  MPH  FROM  THE  NORTHEAST  AND  1.4  MPH 
FROM  THE  EAST,  WERE  MEASURED  AT  200  CM.  THIS  APPEARS  CONTRADICTORY  TO  A 
PREVIOUS  STATEMENT  THAT  HIGHER  MEAN  WIND  SPEEDS  OCCURRED  AT  3^  CM<  THE 
VALUES  SHOWN  IN  FIGURE  29,  HOWEVER,  I NLLvSC  ONLY  THOSE  HOURS  DURING 
WHICH  THE  WIND  WAS  BLOWING,  THEREBY  EXCLUDING  CALMS.  AVERAGE  WIND  SPEEDS 
FOR  THE  PERIOD  INCLUDE  THE  CALMS  AS  0'S,  AND  THESE  WERE  ENOUGH  MORE  FRE¬ 
QUENT  AT  200  CM  TO  REDUCE  THE  AVERAGE  TO  LESS  THAN  THAT  AT  3°  CM. 

Contrary  to  the  usual  relation,  the  strongest  mean  winds  in  the 
FOREST  DID  NOT  BLOW  FROM  THE  DIRECTION  OF  GREATEST  FREQUENCY.  ACTUALLY, 

THE  REVERSE  WAS  TRUE:  LARGEST  SPEED  VALUES  OCCURRED  WITH  THE  LEAST  FRE¬ 
QUENT  DIRECTIONS.  IT  IS  GENERALLY  FOUND  THAT  STRONGEST  WINDS  BLOW  FROM 
THE  DIRECTION  OF  THE  PREVAILING  WIND  (DIRECTION  OF  GREATEST  FREQUENCY), 

AND  THIS  IS  TRUE  FOP  THE  OPEN  STATION-  HAWKE  ( 1 955 )  HAS  SHOWN,  HOWEVER, 
THAT  THIS  PREMISE  IS  NOT  ALWAYS  RELIABLE,  FOR  THE  STRONGEST  WINDS  ALONG 

the  North  Sea  coast  of  England  blow  in  a  direction  opposite  to  that  of  the 
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FREQUENCIES,  AVERAGE  SPEEDS,  AND  REN  OF  THE  WIND 
FOR  EIGHT  DIRECTIONS,  200  CM  AND  30  CM  LEVELS 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA.  ALASKA 
JUNE  12 -30,  1956 

FKKQl  KNC1KSIW  AVERAGE  SPEEDS  t*pb|  RUN  OF  THE  WIND  (Milcil 


DOMINANT  (PREVAILING)  WINDS.  LOCALLY,  THEREFORE,  TOPOGRAPHY  AND  VEGETA¬ 
TION  PLAY  IMPORTANT  ROLES  IN  DETERMINING  BOTH  WIND  SPEEDS  AND  DIRECTIONS. 

The  DISTRIBUTION  OF  THE  TREES  ABOUT  THE  WOODS  STATION  APPARENTLY 
DETERMINED  THE  DIRECTION  FROM  WHICH  THE  STRONGER  WINDS  BLEW  AS  WELL  AS 
THE  DIRECTION  OF  GREATEST  FREQUENCY.  IF,  FOR  EXAMPLE,  WINDS  FROM  THE 
NORTHEAST  ARE  MOST  FREQUENT  AND  ARE  ALSO  STRONGEST,  AND  THERE  IS  A  WELL- 
ESTABLISHED  TRAIL  IN  THE  FOREST  RUNNING  SOUTHEAST -NORTHWEST,  THEN  IT  IS 
BELIEVED  THAT  THE  WIND  WILL  FOLLOW  THE  PATH  OF  LEAST  RESISTANCE,  PERHAPS 
BLOWING  FROM  THE  SOUTHEAST  RATHER  THAN  FROM  THE  NORTHEAST. 

( 5 )  Run  of  wi nd 

ThC  RUN  OF  Tht  WIND,  ALSO  SHOWN  IN  FIGURE  29,  IS  THE  TOTAL 
MILEAGE  OF  WIND  FROM  EACH  OF  THE  EIGHT  DIRECTIONS  REGISTERED  BY  EACH 
ANEMOMETER  IN  THE  COURSE  OF  THE  MONTH. 


The  MILES  OF  WIND  PASSING  THE  OPEN  STATION  AT  BOTH  LEVELS  WAS, 
NATURALLY,  MUCH  LARGER  THAN  AT  THE  WOODS  STATION.  THE  GREATEST  MILEAGE 
AT  200  C.M  FROM  ANY  DIRECTION  WAS  42  I  .2  (NORTHEAST)  IN  THE  OPEN,  BUT  NO 
MORE  THAN  33 (SOUTHWEST)  IN  THE  WOODS.  DIFFERENCES  BETWEEN  THE  STATIONS 
AT  30  CM  WERE  ALSO  SIGNIFICANT,  THE  LARGEST  VALUES  BEING  33^  (SOUTH)  IN 
THE  OPEN,  AND  ONLY  ,4  (SOUTHWEST)  IN  THE  FOREST. 

At  the  OPEN  station,  the  run  of  the  wind  was  larger  at  200  cm  than 
AT  30  cm  FOR  6  OF  THE  8  DIRECTIONS.  SOUTH  AND  WEST  WINDS  AT  3^  CM  WERE 
ENOUGH  MORE  FREQUENT  THAN  AT  200  CM,  HOWEVER,  TO  MAKE  THEIR  MILEAGES  THE 
GREATER  AT  30  CM.  AT  THE  WOODS  STATION,  THE  RUN  OF  THE  WIND  WAS  THE 
GREATER  AT  30  CM  FOR  ALL  DIRECTIONS  EXCEPT  NORTH  AND  NORTHWEST,  WHICH 
WERE  MOST  FREQUENT  AT  200  CM.  DIFFERENCES  BETWEEN  THE  TWO  LEVELS  IN  THE 
FOREST  WERE  QUITE  SMALL  COMPARED  WITH  THOSE  IN  THE  OPEN.  THE  GENERALLY 
LARGER  RUNS  OF  THE  WIND  AT  30  CM  AT  THE  WOODS  STATION  IS  ANOTHER  EX¬ 
PRESSION  OF  THE  PREVIOUS  FINDING  THAT  AVERAGE  WIND  SPEEDS,  DISREGARDING 
DIRECTION,  WERE  THE  GREATER  AT  3®  CM. 

(6)  Resultant  run  of  the  wind  and  the  steadiness  ratio 

The  resultant  run  of  the  wind,  computed  by  using  Lambert's 
Formula  (Conrao  ano  Pollak,  1950,  pp.  1 (9-3*0,  is  the  vectorial  average 

OF  ALL  WIND  DIRECTIONS  AND  SPEEDS  AT  A  GIVEN  STATION  FOR  A  CERTAIN  PERIOD, 

in  this  case,  June  12  to  30-  Values  of  the  resultant  run  of  the  wind  for 

30  CM  ANO  200  CM  AT  EACH  STATION,  AND  ALSO  FOR  THE  STEADINESS  RATIO,  ARE 
given  in  Table  IX. 


\ 


The  resultant  run  of  the  wind  synthesizes  speed  and  direction,  giving  the 
net  movement  of  air  past  each  station.  Large  values,  for  example  that  for  3X) 
CM  AT  THE  OPEN  STATION,  RESULT  FROM  A  STEADY  WIND  DIRECTION  OR  A  STRONG  PREVA¬ 
LENCE  ■  FROM  ONE  QUARTER,  HIGH  AVERAGE  WIND  SPEEDS  FROM  ONE  Dl  RECT  I  ON,  OR  A  COMBINA¬ 
TION  thereof.  Essentially,  a  large  value  inoi  cates  that  far  grcater  amounts  ofwinev 
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TABLE  IX 

RESULTANT  RUN  OF  THE  WIND  AND  THE  STEADINESS  RATIO  AT 
200  CM  AND  30  CM  ABOVE  THE  SURFACE 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
June  12  -  30,  1956 

Height/station  Resul.  run  or  wind  (miles)  Steadiness  ratio  [$) 


200  cm 

OPEN  427-9  34.7 

WOODS  18.0  17.9 

30  CM  - 

OPEN  188.5  19.5 

WOODS  172.0  40.5 


.  I 


THAT  IS,  MORE  MILES,  PASS  THE  STATIONS  FROM  ONE  DIRECTION  THAN  FROM  THE 
OTHER  DIRECTIONS.  SMALL  VALUES,  SUCH  AS  THAT  FOR  200  CM  IN  THE  FOREST, 
INDICATE  THAT  THERE  IS  NO  DOMINANT  DIRECTION  OR  DIRECTION  WITH  PRONOUNCED 
WIND  SPEEDS. 


THE  STEADINESS  RATIO  IS  SIMPLY  THE  RATIO  OF  THE  RESULTANT  RUN  Or  THE 
WIND  TO  THE  TOTAL  RUN  OF  THE  WIND  (DISREGARDING  DIRECTION)  MULTIPLIED  BV 
100  TO  MAKE  IT  PERCENT  (CONRAD  AND  POLLAK,  195°>  pp'  184-05).  WIND  FROM 
THE  SAME  DIRECTION  AT  ALL  TIMES  WOULD  GIVE  A  STEADINESS  RATIO  OF  100  PER¬ 
CENT.  IF  THERE  WERE  NO  PREVAILING  DIRECTION  AND  THE  WIND  BLEW  WITH  THE 
SAME  FREQUENCIES  AND  SPEEDS  FROM  ALL  DIRECTIONS,  THE  STEADINESS  RATIO 
WOULD  BE  0  PERCENT. 

Table  IX  shows  that  the  wind  is  steadiest  at  30  cm  in  the  forest 
(4o.5  percent)  and  at  200  cm  in  the  open  (34.7  percent).  These  are  the 

WINOIER  SITES  AT  THE  MICROCLIMATIC  STATIONS.  FOR  COMPARISON,  CONRAO  AND 
POLLAK  (1950,  P.  I85)  CONSIDER  THE  STEADINESS  RATIO  FOR  JANUARY  AT  BOSTON, 
54  PERCENT,  AS  RATHER  HIGH,  ALTHOUGH  IN  THE  TROPICS  VALUES  EXCEEDING  90 
PERCENT  OCCUR  DURING  MONTHS  WITH  WELL-DEVELOPED  TRADE  WINDS.  THE  LOWER 
VALUES  SHOWN  IN  THE  TABLE,  FOR  THE  OPEN  AT  30  CM  AND  THE  WOODS  AT  200  |CM, 
IMPLY  GREATER  VARIABILITY,  BUT  THE  RELATIVELY  FEW  RECORDS  AVAILABLE  CAST 
SOME  DOUBT  ON  THE  RELIABILITY  OF  THE  COMPARISONS. 


0.  Precipitation 


Geiger  (1957,  p.  339)  states  that  it  was  carlv 

RECOGNIZED  THAT  ONE  CANNOT  SAY  OF  A  RAIN  MEASUREMENT  MERELY  THAT  IT  WAS 
MADE  "IN  THE  FOREST".  MUCH  DEPENDS  UPON  WHERE  THE  RAIN  GAGE  IS  PLACED. 

This  is  important  when  considering  measurements  made  at  the  WOODS  station 
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AT  Big  Delta.  Values  recorded  are  significant  only  for  providing  informa¬ 
tion  OF  AMOUNTS  RECEIVED  AT  THAT  STATION,  AND  NOT  OF  THE  FOREST  IN  TOTO. 

These  data  do  provide  information  of  the  differences  in  amounts  rece i ved 

AT  THE  TWO  STATIONS,  AND  ARE  VALUABLE  WHEN  USED  IN  CONJUNCTION  WITH  THE 
SOIL  TEMPERATURE  MEASUREMENTS. 

( 1 )  Total  precipitation 

Rainfall  (no  snow  was  recorded)  was  heavy  during  the  month 
of  June  1956,  and  especially  during  the  period  of  study.  Amounts  received 

WERE  DISCUSSED  PREVIOUSLY,  BUT  FOR  CONVENIENCE  ARE  PRESENTED  IN  TABLE  X. 

Measurements  were  made  every  24  hours  at  0900  at  the  microclimatic 

STATIONS,  BUT  WERE  NOT  MADE  ON  HOLIDAYS  OR  WEEKENDS.  At  THE  CAA  STATION, 
AMOUNTS  ARE  MEASURED  EVERY  SIX  HOURS.  FOR  COMPARISON  HERE^  THE  CAA  DATA 
WERE  TOTALED  FOR  THE  24-HOUR  PERIOD  ENDING  AT  O83O.  It  MUST  BE  ASSUMED, 

IN  THE  ABSENCE  OF  A  CONTINUOUS  RECORD,  THAT  THE  DIFFERENCE  IN  THE  RAINFALL 
BETWEEN  THE  CAA  AND  THE  MICROCLIMATIC  STATION  RECORDS  DURING  THE  ONE-HALF 
HOUR  0830  TO  0900  WAS  INCONSEQUENTIAL.  THE  DAILY  RAINFALLS  AT  THE  CAA 
AND  THE  MICROCLIMATIC  STATIONS  ARE  GIVEN  IN  TABLE  A -4  - (APPEND  I x)  . 

Geiger  { 1 957>  p*  339) >  citing  Hoppe,  states  that  an  average  error 

OF  25  TO  30  PERCENT  IN  REPRESENTING  THE  RAINFALL  REACHING  THE  GROUND  IN 
A  FOREST  MUST  BE  EXPECTED  WHEN  ONLY  ONE  GAGE  IS  USED,  WHILE  THE  AVERAGE 
MAY  AT  TIMES  EXCEED  A  SINGLE  MEASUREMENT  BY  MORE  THAN  100  PERCENT.  In 
ADDITION,  ONE-FIFTH  OF  THE  RAINFALL  DOES  NOT  DRIP  THROUGH  AND  REACH  THE 
GROUND  INSIDE  OF  THE  FOREST  (ALTHOUGH  THE  RAIN  MAY  RUN  DOWN  THE  TRUNKS  OF 
THE  TREES),  EVEN  WITH  THE  HEAVIEST  RAINFALL.  DATA  FROM  BlG  DELTA  CONFORM 
TO  THE  LATTER  OF  THESE  STATEMENTS.  RAINFALL  MEASURED  IN  THE  FOREST  WAS 
ALMOST  ONE-FIFTH  LESS  THAN  THAT  RECEIVED  IN  THE  OPEN.  A  SATISFACTORY 
EXPLANATION  CANNOT  BE  GIVEN,  HOWEVER,  FOR  THE  DIFFERENCE  IN  AMOUNTS  RE¬ 
CEIVED  AT  THE  CAA  AND  OPEN  STATIONS.  THIS  DlTFERLNLL  MAY  HAVE  RESULTED 


TABLE  X 

TOTAL  PRECIPITATION  (INCHES)  DURING  JUNE  1956,  FOR  THE  PERIOD 


JUNE  12 

THROUGH  30,  1956,  AND  THE  MEAN 
BIG  DELTA,  ALASKA 

FOR  JUNE 

Station 

Av.  June 

Max.  June  June  1956 

June  12  -  30,  1956 

CAA 

2.30 

3-70  3*85 

3.80 

OPEN 

— 

5.08 

4.65 

WOODS 

— 

3.85 

3-73 
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FROM  THE  DIFFERENCE  IN  LOCATION  OR  EXPOSURE  TO  WIND,  BUT  GAGES  WERE  WELL 
EXPOSED,  WIND  SPEEDS  WERE  SMALL,  AND  THE  PROCEDURE  FOR  MAKING  MEASUREMENTS 
IS  RATHER  SIMPLE.  THE  GAGE  AT  THE  CAA  STATION  WAS  LOCATED  ON  THE  GROUND 
AT  THE  AIRFIELD  AND  SUFFICIENTLY  FAR  FROM  THE  BUILDING  SO  AS  NOT  TO  BE 
INFLUENCED.  THE  LOCATION  OF  THE  GAGE  AT  THE  OPEN  STATION  MAY  BE  SEEN  IN 
F I GURE  6. 

AN  ADDITIONAL  EXPLANATION  MAY  BE  OFFERED  FOR  THE  LARGE  DIFFERENCE 
IN  PRECIPITATION  BETWEEN  CAA  AND  OPEN  STATIONS.  SUMMER  PRECIPITATION  AT 
Big  Delta  is  usually  associated  with  convection,  occurring  as  scattered 

AFTERNOON  SHOWERS.  RAIN  OF  THIS  TYPE  SOMETIMES  OCCURS  AT  ONE  PLACE  AND 
NOT  AT  A  NEARBY  LOCATION.  ALTHOUGH  CYCLONIC  ACTIVITY  ACCOUNTED  FOR  THE 
GREATER  THAN  AVERAGE  RAIN  IN  JUNE,  THE  USUAL  SUMMER  CONVECTIVE  ACTIVITY 
WAS  ALSO  IMPORTANT,  AND  WAS  PERHAPS  "TRIGGERED"  BY  THE  FRONTAL  SYSTEMS 
AND  LOWS.  Thus,  RAINFALL,  THOUGH  MORE  WIDESPREAD  THAN  USUAL,  STILL  FELL 
IN  HEAVY  SHOWERS  LOCALLY,  AND  THIS  WOULD  PARTIALLY  EXPLAIN  THE  DIFFERENCE 
IN  AMOUNTS  RECEIVED  BY  STATIONS  NOT  FAR  APART. 

(2)  Frequencies  of  precipitation  amounts 


At  THE  CAA  station,  rain  or  drizzle  (including  traces) 

OCCURRED  DURING  ALL  BUT  FIVE  OF  THE  24-HOUR  PERIODS,  BUT  SUBSTANTIAL 
AMOUNTS  (over  0.25  I NCh)  WERE  MEASURED  ON  ONLY  FIVE  DAYS.  SlX  DAYS  HAD 
ONLY  A  TRACE,  AND  THE  HEAVIEST  24-HOUR  AMOUNT  WAS  1  . 1 3  INCHES.  AT  THE 
OPEN  STATION,  2.^0  INCHES  WAS  MEASURED  BETWEEN  O9OO  ON  JUNE  21  AND  0900, 

June  22,  and  2.10  inches  at  the  WOODS  station.  This  heavy  rain,  split 

BETWEEN  TWO  DAYS  AT  THE  CAA  STATION,  TOTALED  1*92  INCHES. 

(3)  Dry  and  wet  spells 

There  were  no  dry  spells  (defined  as  five  consecutive  rain¬ 
less  days)  DURING  THE  PERIOD.  CONVERSELY,  MUCH  OF  THE  PERIOD  MIGHT  BE 
CONSIDERED  A  WET  SPELL  ( AT  LEAST  THREE  CONSECUTIVE  DAYS  TO  EACH  OF  WHICH 
IS  CREDITED  0.01  INCH  OR  MORE  OF  PRECIPITATION),  ALTHOUGH  "DRIER1'  CONDI¬ 
TIONS  PERSISTED  FROM  JUNE  24  TO  30* 

e.  Combined  elements 

The  greateststresses  and  limitations  imposed  on  han, 
his  equipment  and  activities,  and  upon  animals  and  plants,  frequently  re¬ 
sult  FROM  A  COMBINATION  OF  CLIMATIC  ELEMENTS  ACTING  TOGETHER  RATHER  THAN 
FROM  ONE  ELEMENT  ACTING  INDIVIDUALLY.  iN  THE  SUBARCTIC,  CLIMATIC  PROBLEMS 
IN  SUMMER  ARE  NOT  AS  SEVERE  AS  THOSE  OF  WINTER.  TEMPERATURES  ARE  SUFFI¬ 
CIENTLY  LOW,  HOWEVER,  TO  FALL  WITHIN  THE  CATEGORY  OF  COLD-WET  (MEIGS  AND 
DE  PERCIN,  1957/  PP*  1-2)  AND,  WHEN  COMBINED  WITH  OCCASIONAL  MODERATE  OR 
STRONG  WINDS,  CAUSE  OUTDOOR  ACTIVITY  TO  BE  DIFFICULT,  OR  AT  BEST,  UNPLEASANT. 

Hare  (1955)  points  out  the  importance  of  knowing  how  weather  elements 
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OCCURRENCES  OF  WIND  SPEEDS  AT  VARIOUS  TEMPERATURES, 
WOODS  MICROCLIMATIC  STATION,  BIG  DELTA,  ALASKA 


PERIOD:  12  -  30  JUNE  1956 


WIND  SPEED  AT  200  CM 
TEMPERATURE  AT  200  CM 


I  JIM  OBSERVATIONS  -  443 


<*>  ^ 


VV*  a** 


WIND  SPEED  AT  30  CM 
TEMPERATURE  AT  2  6  CM 


TOTAL  OBSERVATION  -  446 


'  ;§j’ 


Ute  '  '  .  <s> 


(XAMP1I  WIND  SNiC  OP  I  TO  1  MPM  OCCURRED 
10  TIMS  M  COMBINATION  WITH  TIMPIRATUtll  Of 
SI*P  TO  S5*r 


Figure  %) 


OCCURRENCES  OF  WIND  SPEEDS  AT  VARIOUS  TEMPERATURES, 
OPEN  MICROCLIMATIC  STATION,  BIG  DELTA,  ALASKA 

PERIOD  12  ■  30  JUNE  1056 


F I  GURE  31 
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COMBINE  OVER  LARGE  AREAS.  THIS  IS  OF  SPECIAL  SIGNIFICANCE  TO  MILITARY 
OPERATIONS,  FOR  THE  SOLDIER  AND  HiS  EQUIPMENT  ARE  FULLY  EXPOSED  TO, 

AND  UNDER  THE  INFLUENCE  OF,  THE  TOTAL  ENVIRONMENT,  AND  MAN'S  ACTIVITY 
AND  THE  EFFICIENT  FUNCTIONING  OF  EQUIPMENT  IS  SELDOM  CONTROLLED  OR 
LIMITED  BY  A  SINGLE  ELEMENT. 

Also  during  summer,  insects  plague  men  and  animals,  and  their 

ABUNDANCE  AND  DISTRIBUTION  ARE  DIRECTLY  RELATED  TO  TEMPERATURE  AND  WIND 

speed.  In  parts  of  the  Subarctic,  agriculture  is  limited  by  a  lack,  or 

UNCERTAINTY,  OF  SUMMER  RAINFALL  (RAUF,  1 9^5°) •  A  COMBINATION  OF  MODER¬ 
ATE!  Y  STRONG  WINDS  AND  RRl  ATIVELY  HIGH  TEMPERATURES  (75  F  TO  90  F)  MAY 
CAUSE  DAMAGE  TO  CROPS  BY  INCREASING  EVAPORATION. 

( 1 )  Wind  speeds  and  temperatures 

The  COMBINATION  OF  VARIOUS  WIND  SPEED  GROUPS  (BEAUFORT 
scale)  AND  TEMPERATURE  GROUPS  (5  F  DEG.  INTERVALS)  ARE  SHOWN  IN  FIGURES 

30  and  31.  These  graphs  clearly  show  the  differences  between  stations 

AND  BETWEEN  DIFFERENT  LEVELS  AT  THE  SAME  STATION.  THE  LARGE  FREQUENCY 
OF  CALMS  AT  200  CM  IN  THE  FOREST  IS  WELL  ILLUSTRATED.  THE  LACK  OF  STRONG 
WINDS  DURING  THE  PERIOD  ELIMINATED  THE  POSSIBILITY  OF  DEMONSTRATING  THE 
ACTUAL  PROTECTION  AFFORDED  BY  THE  FOREST. 

(2)  Dry  cooling  power  and  windchill 

Temperatures  were  not  low  enough  to  cause  dangerous  wind- 
chill.  During  the  period,  the  greatest  windchill  was  approximately  925 
kilogram  calories  per  square  meter  per  hour.  This  value,  which  lies  near 
"cold"  and  "very  cold"  on  the  nomogram  for  dry-shade  atmospheric  cooling 
(Fig  51)  was  caused  by  the  simultaneous  occurrence  of  a  wind  speed  of  12 

MPH  AND  a  TEMPERATURE  OF  42  f,  AT  200  CM  AT  THE  OPEN  STATION.  THIS  WIND¬ 
CHILL  IS  NOT  DANGEROUS,  BUT  IF  COMBINED  WITH  WET  GROUND,  FREQUENT  RAIN, 

AND  A  HIGH  PERCENTAGE  OF  CLOUDINESS  (lACK  OF  SOLAR  RADIATION),  IT  CAN 
ADVERSELY  AFFECT  THE  OPERATIONAL  EFFICIENCY  OF  MEN  WORKING  AND  LIVING  IN 
THE  OPFN. 

3^  Weather  our  i  no  December  195& 

December  h  as  the  longest  nights  and  shortest  days  and,  mext 
to  January,  is  also  the  coldest  month  at  Big  Delta.  At  the  winter  solstice, 

THERE  ARE  ONLY  4  HOURS, 12  MINUTES  OF  SUNSHINE  POSSIBLE,  ALTHOUGH  MORNING 
AND  EVENING  TWILIGHT  ADD  ABOUT  THREE  MORE  HOURS  OF  LIGHT.  THIS  AMOUNT  IS 
REDUCED  BY  CLOUDINESS  AND  ALSO  BY  THE  HIGH  MOUNTAINS  OF  THE  ALASKA  RANGE 
south  of  Big  Delta. 

As  IS  TYPICAL  OF  NORTHERN  REGIONS  HAVING  A  5NOW  COVER  IN  WINTER,  T HL 
DAYS  ARE  OFTEN  BRIGHTER  THAN  THE  LOW  INTENSITY  OF  SOLAR  RADIATION  WOULD 
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suggest.  Conrad  (1942,  p.  2)  points  out  that  the  high  albedo  of  snow  nearly 

DOUBLES  THE  LIGHT  INTENSITY  JUST  IN  THE  SEASON  WHEN  THE  ALTITUDES  OF  THE 

SUN  ARE  LOW  AND  THE  DIURNAL  ARCS  SHORT.  RlKHTER  ( 1 95°A  p*  29)  SHOWS  THAI 

WHEN  THE  HEIGHT  OF  THE  SUN  IS  BETWEEN  0°  AND  5°  ABOVE  THE  HORIZON,A  SNOW 
COVER  INCREASES  ILLUMINATION  FROM  220  PERCENT  (  AT  0°)  TO  48  PERCENT  (  AT  5° )  • 

The  creatcst  number  of  clear  days  occur  during  winter,  and  during 
December  about  20  percent  of  the  days  may  be  expected  to  have  no  clouds. 
Skies  were  considerably  clearer  than  average  during  December  195^>  however, 
FOR  4l  PERCENT  OF  THE  DAYS  WERE  CLOUDLESS. 

December  1956  was  much  colder  than  the  average  December,  despite 

A  THAW  DURING  THE  LAST  FOUR  DAYS  OF  THE  MONTH  WHICH  RAISED  TEMPERATURES 

TO  A  MAXIMUM  OF  3^  F  ON  DECEMBER  3°*  DURING  AN  AVERAGE  DECEMBER,  ABOUT 
23  DAYS  MAY  BE  EXPECTED  TO  HAVE  MINIMUM  TEMPERATURES  AT  OR  BELOW  0  F 
AND  EIGHT  DAYS  TO  HAVE  MINIMUM  TEMPERATUES  AT  OR  BELOW  -25  F •  DURING 

December  1956,  at  the  CAA  station,  27  days  had  minimum  temperatures  below 
0  F  AND  17  HAO  MINIMA  BELOW  -25  F.  On  FOUR  DAYS  THE  MAXIMA  DID  NOT  GET 
ABOVE  -30  F  AND  ON  SEVEN  DAYS  THE  MINIMA  WERE  -40  F  OR  COLDER. 

Table  XI  shows  the  mean  and  extreme  temperatures  and  the  precipitation 

AND  SNOWFALL,  AND  DEPARTURES,  FOR  THE  MONTH,  FOR  THE  10  YEARS  OF  RECORD 

and  for  December  1956*  The  mean  temperature  of  December  1956  was  l4.8  F 

DEG.  BELOW  AVERAGE.  THE  PRECIPITATION  AND  SNOWFALL  OF  DECEMBER  1956  WERE 
ABOUT  NORMAL. 

December  1956  was  the  fourth  coldest  month  of  the  l4  years  of  record, 

AND  THE  MONTH  WAS  MUCH  COLDER  THAN  THE  AVERAGE  DECEMBER,  JANUARY  (USUALLY 


TABLE  XI 

TEMPERATURE  AND  PRECIPITATION  IN  DECEMBER  AT  CAA  STATION 
BIG  DELTA,  ALASKA 


Temperature  (°F) 

Mean  Mean 

ASS.  DAILY  DAILY  ABS. 

max.  max.  Mean  min.  min. 

Precipitation  (in.) 

Snowfall  (in.) 

Dec. 

19^-53 

48  5.3  -1.8  -9.6  -62 

O.35 

3.8 

Dec. 

1956 

38  -8.9  -16.6  -25.9  47 

o.4i 

4.3 

Departure 

1956 

-10  -14.2  -l4.8  -16.8  15 

0.06 

0.5 
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The  coldest  month),  or  February.  February  1950  was  significantly  colder, 

MEAN  AND  MEAN  MINIMUM  TEMPERATURES  BEING  3  F  DEG.  TO  5  F  DEG.  LOWER. 
December  1'946  and  January  19^7  were  also  colder,  but  mean  temperatures 
WERE  LESS  THAN  1  F  DEG.  LOWER  I  HAN  THOSE  OF  DECEMBER  1 95^ * 

4.  Microclimatic  measurements,  December  1956 

Microclimatic  measurements  made  during  December  1956  thus  provide 

AN  EXCELLENT  MEANS  OF  COMPARING  THE  CLIMATIC  ENVIRONMENT  AT  THE  STATIONS 
UNDER  SEVERE  SUBARCTIC  CONDITIONS  —MINIMUM  SOLAR  RADIATION,  MAXIMUM 
TERRESTRIAL  R  AO  I  AT  I  ON ,  EXTREMELY  LOW  TEMPERATURES,  STRONG  WINDS,  AND 
FAIRLY  DEEP  SNOW  COVER. 

During  winter,  thermocouples  were  left  at  the  same  heights  as  dur¬ 
ing  THE  SUMMER.  THOSE  AT  THE  LOWEST  LEVELS  (25  CM  AND  BELOw),  THEREFORE, 
WERE  COVERED  WITH  SNOW.  No  ATTEMPT  WAS  MADE  TO  MAINTAIN  CONSTANT  HEIGHTS 
ABOVE  THE  SNOW  SURFACE  BECAUSE  OF  DIFFICULTIES  INVOLVED  IN  ADJUSTING  THE 
THERMOCOUPLE  SHIELDS  AND  ARMS  ON  THE  GRADIENT  TOWERS.  DURING  TIMES  OF 
EXTREME  COLD  THIS  IS  A  VERY  DIFFICULT  TASK,  AND  COULD  NOT  HAVE  BEEN  AC¬ 
COMPLISHED  WITHOUT  5ERIOUSLY  DISTURBING  THE  NATURAL  CONDITIONS,  ESPECIALLY 
THE  SNOW  COVER.  0ELOTELKIN  ( 1 9^1 )  DISCUSSES  THE  EFFECTS  ON  SOIL  AND  SNOW 
TEMPERATURE  MEASUREMENTS  WHEN  THE  SNOW  COVER  IS  DISTURBED  BY  TRAMPLING 
CLOSE  TO  WHERE  MEASUREMENTS  ARE  BEING  MADE.  HE  POINTS  OUT  THAT  SERIOUS 
ERRORS  MAY  RESULT  WHEN  THE  SNOW  IS  TRAMPLED  EVEN  A  FEW  FEET  AWAY.  iN 
THIS  STUDY,  EVERY  EFFORT  WAS  MADE  TO  LEAVE  THE  SNOW  COVER  UNDISTURBED. 

By  LEAVING  THE  THERMOCOUPLES  AT  CONSTANT  HEIGHTS,  SOME  INFORMATION  WAS 
OBTAINED  OF  THE  TEMPERATURE  GRADIENT  THROUGH  THE  SNOW  AND  OF  THE  PROTEC¬ 
TION  AFFORDED  THE  GROUND  BENEATH  BY  A  SNOW  COVER.  In  ANALYZING  THE  TEM¬ 
PERATURE  DATA,  CAREFUL  CONSIDERATION  WAS  GIVEN  TO  THE  DEPTH  OF  SNOW  AT 
THE  STATIONS. 

During  winter,  the  thermocouple  used  to  measure  globe  temperatures 
in  summer  was  used  to  measure  snow-surface  temperatures.  The  thermocouple 

WAS  PAINTED  WHITE  AND  AN  ATTEMPT  WAS  MADE  TO  KEEP  IT  JUST  BELOW  THE  SUR¬ 
FACE  OF  THE  SNOW.  DIFFICULTY  WAS  EXPERIENCED,  HOWEVER,  IN  KEEPING  THE 
THERMOCOUPLE  JUST  COVERED  WITH  SNOW  AND  NEAR  THE  SURFACE.  THE  SNOW  WAS  NOT 
DENSE  AND  THE  WEIGHT  OF  THE  THERMOCOUPLE  AND  LEAD  WIRE  WAS  SUFFICIENT  TO 
CAUSE  BOTH  TO  SINK  DEEP  INTO  THE  SNOW.  THIS  WAS  OVERCOME  BY  ATTACHING 
THE  LEAD  WIRE  TO  A  FLAT,  THIN  PIECE  OF  WOOD  ABOUT  ONE  FOOT  SQUARE.  THE 
LEAD  WIRE  AND  THERMOCOUPLE  EXTENDED  8  TO  10  INCHES  BEYOND  THE  EDGE  OF  THE 
BOARD,  WHICH  WAS  KEPT  LEVEL  WITH  THE  SNOW  SURFACE. 

The  thermocouple  of  each  globe  thermometer  was  replaced  by  an  alcohol 

THERMOMETER  AND  READINGS  WERE  MADE  THREE  TIMES  DAILY?  MORNING,  NOON,  AND 
LATE  AFTERNOON.  THESE  INSTRUMENTS  REMAINED  AT  A  CONSTANT  HEIGHT  OF  200  CM 
ABOVE  THE  GROUND,  BUT  THE  HEIGHTS  ABOVE  THE  SNOW  VARIED  WITH  CHANGES  IN 
SNOW  DEPTH  WHfCH  AVERAGED  ABOUT  22  CM  IN  THE  OPEN  AND  44  CM  IN  THE  FOREST. 
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Wind  instruments  were  maintained  at  constant  levels  of  3^  and  200 

CM  ABOVE  THESNOW  SURFACE.  THE  INSTRUMENTS  WERE  ATTACHED  TO  SQUARE  WOODEN 
PLATFORMS  (PAINTED  WH,.e)  AND  WERE  KEPT  LEVEL  WITH  THE  GROUND  SURFACE  AT 
THE  SNOW  SURFACE.  THE  PLATFORM  USED  FOR  THE  3^  CM  INSTRUMENT  WAS  ABOUT 
IO  INCHES  SQUARE  AND  THAT  USED  FOR  THE  200  CM  ANEMOMETER  AND  WIND  VANE 
WAS  ABOUT  42  INCHES  SQUARE.  TWO  EXPECTED  DIFFICULTIES  MATERIALIZED,  BUT 
WERE  NOT  TROUBLESOME.  ONE  WAS  IN  KEEPING  THE  AXES  OF  THE  INSTRUMENTS 
VERTIC/L,  AND  THE  OTHER  WAS  IN  KEEPING  THE  SMALL  PLASTIC  CUPS  OF  THE 
ANEMOMITER  FREE  FROM  FROST  AND  SNOW.  THE  SNOW  DEPTH  CHANGED  ONLY  SLIGHTLY 
DURING  THE  MONTH  AND  THE  ONLY  THAW  THAT  OCCURRED  CAME  AT  THE  END  OF  THE 
MONTH  SO  THAT  TILT! NG  OF  THE  I NSTRUMENTS  DUE  TO  DIFFERENTIAL  MELTING  AROUND 
THE  PLATFORMS  WAS  NOT  A  SERIOUS  PROBLEM.  h  LONG-HANDLED,  SOFT -HAJ  R  BRUSH 
WAS  USED  TO  REMOVE  SNOW  AND  ICE  (FROST)  FROM  THE  ANEMOMETER  CUPS.  AGAIN 
CONDITIONS  WERL  HELPFUL  IN  KEEPING  THIS  PROBLEM  AT  A  MINIMUM.  FROST 
DEPOSITS  ON  THE  CUPS  WERE  GENERALLY  CAUSED  BY  ICE  FOGS  OR  HOAR -FROrT , 

BUT  WHEN  THESE  OCCURRED  THERE  WAS  USUALLY  NO  WIND.  DURING  TIMES  OF  STRONG 
WINDS  THERE  WAS  NO  ICE  DEPOSIT  AND  THE  WHIRLING  OF  THE  CLIPS  KEPT  THEM 
MOSTLY  FREE  OF  THE  VERY  LIGHT,  BLOWING  SNOW.  THE  SNOW  WAS  DRY  ANC  WAS 
EASILY  REMOVED  AT  TIMES  l/HEN  IT  DID  ACCUMULATE,  AT  LOW  OR  MODERATE  WIND 

speeds.  Removal  of  hoar-frost  was  much  more  d  i  Ff  i cult,  and  wind  speed 

MEASUREMENTS  WERE  OCCASIONALLY  AFFECTED. 

Precipitation  measurements  were  made  with  standard  8-inch  gages  at 

EACH  OF  THE  STATIONS.  THESE  DATA  ARE  NOT  CONSIDERED  ACCURATE,  HOWEVER, 

FOR  GAGES  WERE  NOT  SHIELDED  AGAINST  WIND.  INSTEAD,  PRfC  I  PI  TAT  I  ON  AMOUNTS 
MEASURED  AT  THE  CAA  STATION  ARE  USED.  OF  GREATER  SI  GUI  Ft CANCE  ARE  THE 
DEPTH-OF-SNOW  MEASUREMENTS  MAOE  AT  LEAST  ONCE  EACH  Dt'Y,  .tfV>  DURING  SNOW¬ 
FALL,  THREE  TIMES  DAILY  AT  THE  MICROCLIMATIC  STATIONS.  DU»lfcG  THE  MONTH, 
THE  DEPTH  OF  SNOW  COVER  RANGED  FROM  .k  CM  TO  48-3  CM  M  THE  WOODS  STA¬ 
TION,  AND  FROM  17.8  CM  TO  25*4  CM  AT  THE  OPEN  STATION.  WAY-TO-DAY  CHANGES 
WERE  SMALL,  AND  WERE  CAUSED  MAINLY  BY  EVAPORATION  OC  DRIFTING  RATHER  THAN 
BY  SNOWFALL. 

a.  Solar  rad i ationandi cloudiness 


Sky-cover  data  were  obtained  from  the  records  of  the 
CAA  weather  station  and  radiation  oata  from  CONTIGUOUS  measurements  at 
THE  MICROCLIMATIC  STATIONS.  In  THE  FOREST,  THE  EP'P«  EY  WAS  USUALLY  ABOUT 
Iff  TO  l60  CM  ABOVE  THE  SNOW  SURFACE  AND  IN  THF.  OPEN  I  f  WAS  ABOUT  175 
TO  180  CM  ABOVE  THE  SNOW.  As  PREVIOUSLY  MENTIONED,  PRECAUTIONS  WERE  TAKEN 
TO  KEEP  THE  GLASS  BULB  FREE  FROM  FROST  AND  SNOW.  THE  RADIATION  ( AND 
OTHER)  INSTRUMENTS  WERE  INSPECTED  AT  LEAST  THREE  TIMES  EACH  DAY,  WHEN  THE 
GLOBE  THERMOMETER  READINGS  WERE  MADE. 

The  pyrheliometer  at  the  WOODS  station  was  inspected  and  tested  at 

THE  BEGINNING  AND  END  OF  THE  MONTH  AND  WAS  FOUND  TO  BE  IN  PROPER  OPERATING 
CONDITION.  The  LACK  OF  INSOLATION  IN  THE  FOREST  MUST  BE  ATTRIBUTED  TO 
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THE  COMBINED  EFFECTS  OF  THE  LOW  INTENSITY  OF  SOLAR  RADIATION  AND  SHIELDING 
BY  THE  SPRUCE  TREES-  TOGETHER,  THESE  REDUCED  INSOLATION  AMOUNTS  SO  THAT 
LFSS  WAS  RECEIVED  THAN  REQUIRED  (0.1  MILLIVOLT)  TO  ACTIVATE  THE  RECORDER. 

The  SMALL  NUMBER  OF  HOURS  OF  DAYLIGHT  IN  NORTHERN  LATITUDES  DURING 
WINTER  IS  IMPORTANT.  CONSIDERATION  MUST  BE  GIVEN  NOT  ONLY  TO  PHYSICAL 
AND  PHYSIOLOGICAL  EFFECTS,  BUT  ALSO  TO  PSYCHOLOGICAL  PROBLEMS.  THE  LONG 
HOURS  OF  DARKNESS  DURING  THE  ARCTIC  WINTER  HAVE  A  DEMORALIZING  EFFECT 
ON  INHABITANTS.  THIS  HAS  BEEN  OBSERVED  EVEN  AMONG  RUSSIAN  AND  SCANDINAVIAN 
SCIENTISTS  WHO  WER r  ACCUSTOMED  TO  THE  SUBARCTIC  AND  ARCTIC.  0OUGHNER 

and  Thomas  (1956)  derived  a  numerical  means  of  assessing  the  integrated 

UNFAVORABLE  ASPECTS  OF  CLIMATE  AFFECTING  THE  WELL-BEING  OF  RESIDENTS  IN 

the  Canadian  North.  To  accomplish  this, the  advice  and  opinions  of  persons 

WHO  HAD  LIVED  FOR  EXTENDED  PERIODS  IN  THE  CANADIAN  ARCTIC  WERE  SOUGHT. 
Results  of  this  survey  indicated  that  the  most  trying  aspects  of  living 
in  high  latitudes  were:  l)  the  length  of  the  dark  period,  and  2)  THE 
length  of  the  winter  season.  Sir  Hubert  Wilkins*  (personal  communication) 
LISTED  DARKNESS  AS  FIRST  IN  IMPORTANCE  AMONG  THE  CLIMATIC  ELEMENTS.  WEYER 
(1956)  DISAGREES,  ALTHOUGH  READILY  ADMITTING  THAT  THE  "LONG  DARKNESS  OF 
WINTER"  MORE  THAN  ANYTHING  ELSE  EXCEPT  PERHAPS  FEAR  OF  THE  COLD,  HAS 
PREVENTED  PEOPLE  FROM  GOING  TO  THE  ARCTIC.  WEYER  POINTS  OUT  THAT  DUE  TO 
REFRACTION  AND  TWILIGHT,  THE  PERIOD  OF  DARKNESS  IS  NOT  NEARLY  SO  LONG  AS 
ASSUMED.  IN  ADDITION,  HE  STATES  THAT  THE  LACK  OF  DUST  IN  THE  ATMOSPHERE 
AND  THE  REFLECTION  FROM  SNOW-COVERED  LANDSCAPE  MAKE  MOONLIGHT  ESPECIALLY 
BRIGHT,  AND  THAT  THE  MOON  REMAINS  ABOVE  THE  HORIZON  CONTINUOUSLY  FOR  ABOUT 
TWO  WEEKS  EACH  MONTH. 

( I )  Frequencies  of  various  amounts  of  sky  cover 


The  frequencies  of  sky  cover  during  December  1956  as  com¬ 
pared  WITH  AN  AVERAGE  DECEMBER  ARE  PRESENTED  IN  TABLE  XII.  MORE  DETAILED 
INFORMATION  CONCERNING  CLOUOINESS  DURING  DECEMBER  1 95^  ,s  SHOWN  GRAPHIC¬ 
ALLY  in  Figures  32  and  33. 

December  1956  was  much  clearer  than  average.  Clear  or  scattered 

SKIES  OCCURRED  63  PERCENT  OF  THE  TIME,  COMPARED  WITH  THE  37  PERCENT  AVER¬ 
AGE  for  December.  Overcast  skies  were  only  about  half  as  frequent  as 
AVERAGE  (24  VS.  44  PERCENT). 

Mean  hourly  sky  cover  varied  from  32  percent  (o4oo)  to  50  percent 
(1000).  Daily  mean  amounts  ranged  from  clear  on  December  l4  to  overcast 


♦The  late  Sir  Hubert  Wilkins,  formerly  Geographer,  Quartermaster  Research 
&  Engineering  Command,  Natick,  Massachusetts,  travelled,  studied,  and 
lived  in  the  Arctic  and  Antarctic  for  approximately  50  of  his  70  years. 
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Sky  cover 

TABLE  XI 1 

FREQUENCIES  OF  SKY  COVER 

IN  DECEMBER,  CAA  STATION 

BIG  DELTA,  ALASKA 

Frlouency  ( 

percent) 

( tenths) 

December  195$ 

December  mean 

Clear  (<.C.1 ) 

4i 

nn, 

C\J 

Scattered  (0.1  -  0.5) 

22 

17 

Broken  (0.6  -  0 .9) 

13 

Overcast  ( 1 .0) 

24 

44 

Mean 

4o 

55 

on  December  6,  but  only  10  days  of  the  month  had  a  sky  cover  of  5°  per¬ 
cent  OR  MORE. 

The  clear  skies  during  the  month  provided  optimum  conditions  for  solar 

RADIATION  DURING  THE  DAY  AND  NOCTURNAL  RADIATION  DURING  THE  LONG  NIGHT. 

(2)  Hourly  and  daily  total  global  solar  radiation 

Hourly  and  daily  totals  of  global  solar  radiation  during 
December  1956  are  given  in  Table  XIII,  and  daily  totals  are  shown  in 
Figure  33.  Except  for  the  first  two  days  of  the  month,  solar  radiation 
was  intense  enough  to  be  recorded  only  during  the  hours  ending  at  1100, 

1200  AND  1300  AT  THE  OPEN  STATION.  AT  THE  WOODS  STATION  THE  SOLAR  RADI¬ 
ATION  WAS  NEVER  INTENSE  ENOUGH  TO  BE  RECORDED  AT  ANY,  TIME  DURING  THE 

month! 

Table  XIII  shows  that  only  160  ly  were  received  during  the  month, 

AND  THE  DAILY  MEAN  SOLAR  RADIATION  AMOUNTED  TO  ONLY  5’1  LY.  FROM  THE 
LONG-PERIOD  RECORD  AT  FAIRBANKS  IT  IS  ESTIMATED  THAT  THE  AVERAGE  DAILY 
TOTAL  IS  ABOUT  10  LY  AND  THE  AVERAGE  VALUE  FOR  DECEMBER  !5  ABOUT  3130  LY. 

Fairbanks,  located  at  64°  N.  lat.,  is  less  than  a  degree  of  latitude 

rARTHER  NORTH  THAN  BlG  DELTA  AND  IT  MIGHT  REASONABLY  BE  EXPECTED  THAT 
THE  RADIATION  RECEIVED  AT  THE  TWO  STATIONS  WOULD  BE  SIMILAR.  DURING 

December  1956*  however,  Fairbanks  recorded  235  LV  AND  THE  MEAN  DA1LY 

AMOUNT  WAS  8.1  LY  COMPARED  WITH  l60  LY  AND  j.l  LY  FOR  BlG  DELTA.  MEAN 
CLOUDINESS  (SKY  COVER)  FOR  THE  MONTH  AT  FAIRBANKS  WAS  (jO  PERCENT  AND  AT 

Big  Delta,  40  percent.  Since  December  1956  had  more  than  the  usual 

NUMBER  OF  CLEAR  DAYS  AT  BlG  DELTA,  AND  SINCE  DIFFERENCES  BETWEEN  B|C 

Delta  and  Fairbanks  due  to  sky  cover  and  latitude  were  small,  and  perhaps 

NEGLIGIBLE,  THE  DIFFERENCES  IN  RADIATION  VALUCS  MUST  BE  ATTRIBUTED  TO 
THE  SHADOWING  EFFECT  OF  THE  MOUNTAINS  TO  THE  SOUTH  OF  BlG  DELTA.  WITH¬ 
OUT  THIS  EFFECT,  LARGER  DIFFERENCES  ALSO  MIGHT  HAVE  RESULTED  BETWEEN 
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MEAN  HOURLY,  AND  RELATIVE  AND  CUMULATIVE, 
FREQUENCIES  OF  SKY  COVER 
BIG  DELTA,  ALASKA 
DECEMBER  1956 
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Figure  32 


Sky  Cover  (Tenths)  Radiation  (Langteys) 


TOTAL  DAILY  GLOBAL  SOLAR  RADIATION  AT  OPEN  MICROCLIMATIC 
STATIONS  AND  DAILY  MEAN  SKY  COVER  AT  CAA  STATION 

BIG  DELTA,  ALASKA 
DECEMBER  1956 
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TABLE  X! ! ! 

SOLAR  RADIATION  (LANGlEYS)  DURING  DECEMBER  1956 
OPEN  MICROCLIMATIC  STATION 
BIG  DELTA.  ALASKA 

Day  Hour  ending  Daily  Day  Hour  ending  Daily 

_ ’POO  1 100  1200  1300  l400  total  _  1000  1100  1200  1300  i400  TOTAL 

1  0  5  Y  5  1  101700  1  1  02 

21  1000  2  18  030003 

30610402019003306 

4022  10  5  20  OOOOOO 

5012  10  421017109 

6  0  0  0  0  0  0  22  0  0  3  1  04 

703420  9  23  0  0  1  0  0  1 

8  02610  9  24  002  103 

905620  13  25  01  4  106 

10  01300  4  26  010001 

11012  10  4  27  001  102 

12  024  10  /  2d  0  0  0  0  0  0 

7  0  2  5  1  0  3  29  0  0  1  10  2 

*4  0  2  4  1  0  7  30  000000 

‘5oii  10  3  31  011002 

16  0  1  2  1  0  4 

Total  for  month:  160  langleys. 

Mean  daily:  5-1  langleys. 


THE  MICROCLIMATIC  STATIONS.  AT  THE  OPEN  STATION  RADIATION  WOULD  PROBABLY 
HAVE  BEEN  MEASURED  DURING  OTHER  HOURS  OF  THE  DAY,  ALTHOUGH  INTENSITIES 
WOULD  NOT  NECESSARILY  HAVE  INCREASED  SUBSTANTIALLY.  THE  GREATEST  NUMBER 
OF  LANGLEYS  MEASURED  DURING  ANY  ONE  HOUR  AT  THE  OPEN  STATION  WAS  10,  BUT 
EVEN  AT  THIS  TIME  NO  RADIATION  WAS  RECORDED  AT  THE  WOODS  STATION.  THE 
PREPONDERANCE  OF  HOURLY  VALUES  WERE  WITHIN  THE  RANGE  0  TO  3  LY,  AND  OAILY 
TOTALS  RANGED  FROM  0  TO  20. 

In  ADDITON  TO  THE  EFFECTS  OF  CLOUDINESS  AND  THE  MOUNTAINS,  ANOTHER 
ELEMENT  OF  THE  CLIMATE,  ICE  FOG,  WAS  INSTRUMENTAL  IN  REDUCING  SOLAR  RADI¬ 
ATION  RECEIVED.  |CE  FOGS  ARE  A  WIDESPREAD  AND  COMMON  PHENOMENA  OF  THE 

Arctic  and  Subarctic,  forming  near  cities,  camps,  and  settlements  which 

DISCHARGE  NUCLEI  IN  SMOKE  AND  MOISTURE  INTO  THE  ATMOSPHERE  THROUGH  COM¬ 
BUSTION.  These  fogs  occur  usually  only  during  very  low  temperatures, 

MOSTLY  AT  >30  F  OR  BELOW,  ALTHOUGH  V.  AND  M.  OLIVER  (1949)  FOUND  FROM 
EXAMINATION  OF  THE  RECORDS  FOR  FAIRBANKS,  THAT  ICE  FOG  HAS  BEEN  REPORTED 
AT  TEMPERATURES  RANGING  FROM  0  F  TO  -66  F.  THEY  STATE,  HOWEVER,  THAT 
VERY  FEW  CASES  WERE  FOUNO  WITH  TEMPERATURES  HIGHER  THAN  -20  F. 
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Both  water  and  ice  fogs  are  included  in  these  statistics,  but  no 
WATER  FOGS  OCCURRED  AT  TEMPERATURES  BELOW  -40  F.  THESE  AUTHORS  ALSO 
STATF.  THAT  ICE  FOG  IS  NOT  VERY  PROBABLE  WITH  TEMPERATURES  BETWEEN  -30  F 
AND  -40  F,  BUT  THAT  WITH  TEMPERATURES  LOWER  THAN  -50  F  ICE  FOG  IS  NEARLY 
INEVITABLE.  OBSERVATIONS  MADE  BY  THE  OLIVERS  INDICATE  THAT  ICE-FOG 
PARTICLES  FORM  ON  SMOKF  NUCLEI  BEGINNING  AT  TEMPERATURES  OF  -%)  F  TO 
-40  F,  AND  THAT  WHERE  NO  SMOKE  IS  PRESENT,  NO  PERSISTENT  ICE  FOG  IS 

found.  They  point  out,  however,  that  most  sources  of  smoke  are  also 

SOURCES  OF  MOISTURE,  AND  THAT  THE  FOG  MIGHT  BE  DUE  ENTIRELY  TO  THE 
ADDITIONAL  MOISTURE  WHICH  ACCOMPANIES  THE  SMOKE.  THE  FINDINGS  OF  V-  AND 

M.  Oliver  are  supported  by  Robinson  and  Bell  (1956),  who  found  that  ice 
FOGS  USUALLY  OCCURRED  AT  TEMPERATURES  BELOW  -22  F  ( -3O  C)  . 

ICE  FOGS  WERE  DEFINITELY  IMPORTANT  IN  DIMINISHING  SOLAR  RADIATION 
RECEIVED  AT  THE  OPEN  STATION  DURING  THE  MONTH.  THESE  FOGS  USUALLY  WERE 
DISSIPATED  BY  SOLAR  RADIATION  OR  WIND  AFTER  SEVERAL  HOURS  IN  THE  EARLY 
MORNING,  BUT  ON  VERY  COLD,  CALM  DAYS  THEY  WLKt  SOMETIMES  SUFFICIENTLY 
INTENSE  TO  PERSIST  THROUGHOUT  THE  EW  HOURS  DURING  WHICH  INSOLATION  WAS 

received.  Table  XIV  illustrates  the  effectiveness  of  ice  fog  in  depleting 
SOLAR  RADIATION.  On  ALL  FOUR  DAYS,  DECEMBER  10,  11,  1 3,  AND  |4,  TEMPERA¬ 
TURES  WERE  LOW  AND  SKIES  WERE  CLEAR  FROM  1000  TO  1 300,  THE  HOURS  OF  SUN¬ 
SHINE  (with  the  exception  of  1000  on  December  11  and  1300  on  December  13). 
On  December  10  and  11,  however,  ice  fogs  lasted  all  day,  and  reduced  solar 

RADIATION  BY  ABOUT  HALF. 

Since  ice  fogs  are  common  in  the  arctic  and  subarctic  winter,  measure¬ 
ments  MADE  AT,  AND  DATA  AVAILABLE  FROM,  TOWNS  AND  CITIES  DO  NOT  PROVIDE 
AN  ACCURATE  MEASURE  OF  AMOUNTS  OF  SOLAR  RADIATION  RECEIVED  ONLY  SHORT 
DISTANCES  AWAY  ‘JN0EP  FIELD  CONDITIONS.  DURING  THE  MONTH,  ICE  FOGS  OCCURRED 
ON  NINE  DAYS  AT  BlG  DELTA.  On  SIX  OF  TUCSE  DAYS  THE  DAILY  MEAN  SKY  COVER 
WAS  LESS  THAN  20  PERCENT,  AND  THE  AIR  WAS  CALM  AT  ALL  TIMES.  TEMPERA¬ 
TURES  WERE  BETWEEN  ~35  F  AND  -45  F,  BUT  ON  3  OF  THE  9  DAYS  < CE  TOGS  WERE 
REPORTED  WHEN  TEMPERATURES  WERE  BETWEEN  0  F  AND  -20  F.  At  THESE  HIGHER 
TEMPERATURES  THE  FOGS  WERE  MOST  LIKELY  A  COMBINATION  OF  WATER  AND  ICE. 

(3)  Frequencies  of  hourly  amounts  of  solar  radiation 

The  solar  radiations  for  each  hour  of  December  1956  are  given 
in  Table  X.l  V-  Relative  and  cumulative  frequencies  of  these  values  are 

PRESENTED  IN  TABLE  XV.  APPROXIMATELY  77  PERCENT  OF  THE  HOURS  DURING  WHICH 
RADIATION  WAS  USUALLY  RECORDED  (1000  THROUGH  1300)  RECEIVED  TWO  LY  OR 
LESS,  AND  31.2  PERCENT  HAD  NONE.  IN  ABOUT  91  PERCENT  OF  ALL  THE  744  HOURS 

of  December  there  was  no  measureable  radiation.  At  no  time  were  more 

THAN  10  LY  RECORDED  IN  ONE  HOUR. 

Although  only  a  few  hours  of  the  month  received  measureable  amounts 
of  insolation,  total  DARKNESS  DID  not  exist  at  all  other  times.  On 
solstice  day,  December  22  in  1956,  a  maximum  of  4  hours  and  12  minutes 
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TABLE  XIV 

COMPARISON  OF  SOLAR  RADIATION  RECEIVED  ON  CLEAR  DAYS 
AND  DAYS  WITH  ICE  FOGS 
BIG  DELTA,  ALASKA 


Total  daily 

SOLAR  RADiATiON 
( LANC-LEYS  -  ALL 

between  1000  Sky  cover  (percent)  Temperature  (°F)* 


AND  1300) 

1000 

1 100 

1200 

1300 

1000 

1100 

1200 

1300 

Clear  days 

Dec.  n 

8 

0 

0 

0 

20 

-36 

-34 

-35 

-34 

|4 

7 

0 

0 

0 

0 

-32 

-31 

-3' 

-30 

Ice  fog  days 

Dec.  10 

4 

0 

0 

0 

0 

-52 

-44 

-42 

-43 

11 

4 

30 

0 

0 

0 

-53 

-50 

-48 

-49 

♦Temperature  at  200  cm,  OPEN  station. 


TABLE  XV 

FREQUENCIES  OF  HOURLY  SOLAR  RADIATION  AMOUNTS. 
BIG  DELTA,  ALASKA 
December  1956 


Solar  radiation  (langleys)  from  1000  to  1300  * 

0  i_  2  i  4  l  "S  J  £  £  10 

Rel.  FREQ.  {%)  31.2  33.3  12.8  6.5  5.4  4.3  3.2  2.2  0.0  0.0  1.1 

Cum.  freq.  (%)  31.2  64-5  77.3  83.8  89.2  93.5  96.7  98.9  98.9  98.9  100.0 
♦Does  not  include  one  langley  measured  from  1300  -  l4oo,  December  1,  and 

ONE  LANGLEY  MEASURED  FROM  0900  -  1000,  DECEMBER  2. 


OF  SUNSHINE  IS  POSSIBLE,  BUT  ONE  AND  ONE-HALF  ADDITIONAL  HOURS  OF  TWILIGHT 
BEFORE  SUNRISE  AND  ONE  AND  ONE-HALF  MORE  AFTER  SUNSET  ALSO  OCCUR.  AS 
PREVIOUSLY  MENTIONED,  THE  SNOW  COVER  AND  MOONLIGHT  SERVE  EFFECTIVELY  TO 
INCREASE  ILLUMINATION  AT  THIS  TIME  OF  YEAR. 

p.  Precipitation 

In  winter  PRECIPITATION  is  MOST  i  n  f  l  ue  nti  al  in  the  form 
or  SNOW  IN  DETERMINING  THE  MICROCLIMATE  OF  THE  SITES.  SNOW  COVER  HAS  A 


PRONOUNCED  EFFECT  ON  GROUNO  AND  SURFACE  TEMPERATURES  AND  ON  THE  QUANTITY 
OF  SOLAR  RADIATION  ABSORBED  AND  REFLECTED  AND  LONG-WAVE  RADIATION  EMITTED. 
The  existence  of  a  snow  COVER  DURING  long  hours  OF  DARKNESS,  with  clear 
SKIES  AND  CALM  OR  NEAR-CALM  AIR,  PROVIDES  OPTIMUM  CONDITIONS  FOR  NOCTURNAL 
RADI  AT!  ONA'..  COOL  I  NC  FROM  THE  SNOW  SURFACE. 

The  difficulties  encountered  in  making  accurate  snowfall  and  snow 

PRECIPITATION  MEASUREMENTS  IN  THE  ARCTIC  AND  SUBARCTIC,  AND  THE  PRECAUTIONS 
REQUIRED  A  hi  D  THE  ERRORS  INVOLVED,  HAVE  BEEN  DISCUSSED  IN  DETAIL  BY  WARNICK 

(1953)  >  Black  ( 1 95^ )  AN0  ^AE  095*0'  Connaughton's  (1935)  investigations 

RFVEAI.ED  THAT  FORESTS  OF  OPEN  PONDEROSA  PINE  INTERCEPTED  25  TO  30  PERCENT 
OF  THE  SNOWFALL.  AT  THE  WOODS  STATION,  DUE  TO  THE  DENSENESS  OF  THE  CONI¬ 
FERS,  THE  AMOUNT  INTERCEPTED  MIGHT  HAVE  BEEN  EVEN  GREATER. 

(I;  Daily  and  monthly  snowfall  totals 


Precipitation  gages  at  the  microclimatic  stations  were  un¬ 
shielded  AND  SO  THE  AMOUNTS  RECORDED  ARE  NOT  CONSIDERED  ACCURATE.  THE 
DATA  GIVEN  IN  TABLE  A~5  (APPENDIX)  ARE  OF  VALUE  ONLY  IN  PROVIDING  APPROXI¬ 
MATE  AMOUNTS  AND  TIMES  OF  OCCURRENCE  OF  SNOWFALL  AT  THE  TWO  STATIONS. 

They  do  not  conform  with  observations  made  at  the  official  CAA  weather 
STATION,  FOR  WHICH  24-HOUR  PRECIPITATION  VALUES  ARE  ALSO  INCLUDED  IN 

Table  A-5* 


(2)  Snow  cover 

The  formation,  duration,  and  depth  of  snow  cover  at  the 

TWO  STATIONS  ARE  IMPORTANT  IN  THE  INTERPRETATION  OF  THE  TEMPERATURE  RECORDS. 

The  thermocouples  remained  at  constant  heights,  and  so  those  closest-  to 
THE  GROUND  BECAME  COVERED  BY  THE  SNOW.  SNOW  DEPTHS  ARE  SHOWN  IN  TABLE 
XVI.  Differences  between  snow  depths  measured  at  the  CAA  and  OPEN  stations 

WERE  CAUSED  BY  DIFFERENCES  IN  EXPOSURE  WHICH  RESULTED  IN  THE  ACCUMULATION 
OR  DEPLETION  OF  SNOW  BY  WIND  ACTION,  AND  PROBABLY  ALSO  BY  DIFFERENCES 
BETWEEN  THE  OBSERVERS'  PRACTICE  IN  MAKING  THE  MEASUREMENTS.  HOWEVER,  SINCE 
THE  SAME  OBSERVER  MADE  THE  MEASUREMENTS  AT  BOTH  WOODS  AND  OPEN  STATIONS, 
THESE  DATA  PROVIDE  A  DAS i S  FOR  COMPARISONS* 


During  the  winter  of  1 955 -5^  it  was  found  that  excessive  drifting 
OCCURRED  AT  THE  WOODS  STATION.  As  PREVIOUSLY  MENTIONED,  A  SNOW  FENCE 
WAS  CONSTRUCTED  IN  THE  SUMMER  OF  1 95^  TO  PREVENT  THIS  DRIFTING.  FIGURE 
34  SHOWS  THIS  FENCE,  WHICH  WAS  ABOUT  5  FEET  HIGH  IN  MIDWINTER  1956-57* 

At  times  the  snow  completely  covlked  the  fence* 


The  values  listed  in  Table  XVI  show  that  the  snow  at  the  WOODS 
STATION  WAS  1J  TO  24  CM  DEEPER  THAN  AT  THE  OPEN  STATION.  IN  THE  FOREST 
THE  AVERAGE  SNOW  DEPTH  FOR  THE  MONTH  WAS  43  CM,  SO  THE  THERMOCOUPLE 
LOCATED  AT  25  CM  ABOVE  THE  GROUND  SURFACE  WAS  USUALLY  COVERED  WITH  l8  CM 
OF  SNOW.  The  25  CM  thermocouple  was  the  highest  above  THE  GROUND  SURFACE 
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TABLE  XVI 

WEEKLY  SNCW  DEPTHS 

WOOOS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1956 


St  at  i  on 

on 

U 

Ul 

O 

Dec.  10 

Dec.  J2 

Dec.  24 

Dec.  31 

Mean 

CAA 

Inches 

Centimliers 

10.0 

25 

13.O 

33 

10.0 

25 

11.0 

28 

11.0 

28 

1  1 .0 

r.&rM 

\J 1  <_  t  T 

1 NCHES 

Centimeters 

7-0 

18 

10.0 

25 

9.0 

23 

9.0 

23 

8.5 

22 

8.7 

WOODS 

1 NCHES 

Centimeters 

16.0 

4i 

19.5 

49 

17.5 

44 

17.O 

**3 

15.5 

39 

17.1 

Figure  34:  Snow  fence  at  eastern  edge  of  forest  near  WOODS  microclimatic 

STATION  SHOWING  DEPTH  OF  SNOW,  ABOUT  4  TO  5  FEET,  DURING  WINTER  1956-57* 
Wires  lead  to  instruments  at  the  station. 
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Figure  35*  *«ove,  and  Figure  36,  below,  show  the  OPEN 

AND  WOODS  HI CROCL  f  HAT  I C  STATIONS,  RESPECTIVELY,  SHORTLY 
AFTER  A  SNOWSTORM  ACCOMPANIED  BY  STRONG  WINDS.  PHOTO¬ 
GRAPHS  WERE  TAKEN  DURING  WINTER  1956-57* 


TO  BE  COVERED  BY  SNOW  IN  THE  FOREST,  THE  SNOW  SURFACE  GENERALLY  BEING  7  CM 
BELOW  THE  5°  CM  THERMOCOUPLE.  AT  THE  OPEN  STATION,  THE  7*5  CM  THERMOCOUPLE 
WAS  THE  HIGHEST  ABOVE  THE  GROUND  SURFACE  TO  BE  COVERED  BY  SNOW,  AND  WAS 
USUALLY  OVERLAID  BY  ABOUT  l4  TO  i5  CM  OF  SNOW.  FIGURES  35  AND  3^  SH0W 
THE  STATIONS  IMMEDIATELY  FOLLOWING  A  SNOWSTORM. 

The  main  properties  of  snow,  as  discussed  by  Voeikov  (1889)  are  as 
follows:  0  STRONG  RADIATION  IN  THE  LONG  WAVELENGTHS,  2)  HIGH  ALBEDO 

TOWARD  RADIATION  OF  SHORT  WAVELENGTHS,  3)  L0W  THERMAL  CONDUCTIVITY,  AND 
4\  HEAT  REQUIRED  FOR  CHANGE  OF  PHYSICAL  STATE.  D.  K.  MILLER  (19[}6b)  DIS¬ 
CUSSES  THE  INFLUENCE  OF  SNOW  COVER  ON  LOCAL  CLIMATE  IN  GREENLAND,  NOTING 
THAT  VOEIKOV'S  FOUR  CHARACTERISTIC  ELEMENTS  Or  SNOW  ARE  STILL  OF  UTMOST 
IMPORTANCE.  AT  uiG  DELTA,  IN  WINTER,  SNOW  WAS  THE  MOST  IMPORTANT  SINGLE 
CLIMATIC  FACTOR  DETERMINING  THE  DIFFERENCES  IN  TEMPERATURE  BETWEEN  THE 
TWO  STATIONS,  ALTHOUGH,  ON  OCCASIONS,  WIND  ALSO  PLAYED  A  SIGNIFICANT  ROLE. 

Snow  cover  reflects  much  of  the  incoming  solar  radiation.  This  is 
ESPECIALLY  TRUE  DURING  WINTER  WHEN  T  HE  SUN  IS  LOW  AND  ITS  RAYS  STRIKE 
THE  SNOW  SURIACE  AT  A  VERY  LOW  ANGLE. 

Rikhter  ( !95°j  p*  29)  reports  an  albedo  of  94  percent  in  the  Russian 
Arctic  in  April  1 935»  AN0  Geiger  ('957>  p*  ‘84)  mentions  that  albedos  of 
.00  percent  have  been  observed  with  freshly-fallen  snow.  Penndorf  (1956) 
SUMMARIZES  THE  LUMINOUS  REFLECTANCE  (VISUAL  ALBEDO)  OF  NATURAL  OBJECTS, 
INCLUDING  SNOW  AND  CONIFEROUS  FORESTS,  AS  DETERMINED  BY  VARIOUS  INVESTI¬ 
GATORS.  HE  LISTS  THE  ALBEDO  OF  FRESHLY-FALLEN  SNOW  AS  VARYING  FROM 
7C  TO  86  PERCENT  AS  SHOWN  BY  THE  SMITHSONIAN  TABLES  AND  ALSO  LISTS  A 
SPECIFIC  VALUE  OF  ]7  PERCENT  AS  GIVEN  BY  KRINOV.  FOR  A  CONIFEROUS  FOREST 
IN  WINTER,  PENNDORT  USES  KP' NOV'S  VALUE  OF  3  PERCENT.  PENNDORF  CAUTIONS 
THAT  KRONOV'S  COMPUTATIONS  SHOULD  BE  CONSIDERED  AN  INDICATION  OF  THE 
APPROXIMATE  VALUE,  AND  THAT  DEPARTURES  OF  +  25  PERCENT  FROM  THE  VALUE 
GIVEN  MIGHT  BE  A  GOOD  GUESS  OF  THE  ACTUAL  VARIATIONS  OF  THE  ALBEDO  UNDER 
NATURAL  CONDITIONS.  He  FURTHER  MENTIONS  THAT,  OF  THE  SOLAR  RADIATION 
NOT  ABSORBED  BY  THE  SURFACE,  SOME  IS  SPECULARLY  REFLECTED  AND  SOME  IS 
DIFFUSELY  REFLECTED,  DEPENDING  UPON  THE  NATURE  OF  THE  SURFACE.  POLISHED 
SURFACES  REFLECT  DIRECTLY,  MATT  SURFACES  REFLECT  DIFFUSELY.  SNOW  IS 
GENERALLY  REGARDED  AS  REFLECTING  SOLAR  RADIATION  DIFFUSELY  (DUNKLE  AND 
GlER,  1953,  P.  1),  BUT  SUGA  (  I95^>  P*  2)  FOUND  THAT  GRANULAR  SNOW  DOES 
NOT  OFFER  A  PERFECT  DIFFUSING  MEDIUM,  AND  THAT  THE  STRENGTH  OF  THE  RE¬ 
FLECTED  LIGHT  TENDS  TO  VARY  SOMEWHAT  IN  INTENSITY  WITH  THE  DIRECTION  OF 
THE  INCIDENT  LIGHT. 

Although  most  of  the  insolation  is  usually  reflected  by  a  snow  sur¬ 
face,  PARTICULARLY  FRESHLY-FALLEN  SNOW,  REUTER  ( 19^8)  STATES  THAT  THE  SMALL 
AMOUNTS  ABSORBED  OCCUR  WITHIN  A  LAYER  SEVERAL  METERS  THICK.  MEASUREMENTS 
MADE  BY  ROHSENOW  AND  VAN  AlSTYNL  (l95^>  P*  >6)  REVEALED  THAT  SOLAR  RADI¬ 
ATION  PENETRATES  TO  A  FOOT  OR  MORE  IN  A  SNOW  COVER.  DEPTH  OF  PENETRATION, 
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AND  AMOUNTS  RECEIVED  AT  VARIOUS  DEPTHS,  ARE  DETERMINED  BY  THE  DENSITY  OF 

the  snow.  With  45  percent  dense  snow,  37  of  200  cal/cm2/day  are  received 

AT  -12  INCHES  (-30  cm),  BUT  WITH  20  PERCENT  DENSE  SNOW  ONLY  I  OF  200 
CAL/ CM  /DAY  IS  RECEIVED  AT  THAT  DEPTH.  DUNKLE  AND  Gl  ER  (  1  953j  p*  9)  CON¬ 
SIDER  THE  TRANSMISSION  OF  SOLAR  ENERGY  NEGLIGIBLE  FOR  DEPTHS  GREATER  THAN 
12  TO  24  INCHES  (30  TO  60  CM),  DEPENDING  UPON  THE  TYPE  AND  NATURE  OF  THE 
SNOW.  LlLJEQUIST  (195*0  FOUND  THAT  THE  EXTINCTION  COEFFICIENT  FOR  RED 
AND  ORANGE  LIGHT  IS  MUCH  GRLAitri  7  mmN  FOR  THE  BLUE,  AND  THAT  BLUE  LIGHT, 
THEREFORE,  PENETRATES  THE  SNOW  IN  LARGER  AMOUNTS.  THE  DEEP  BLUE  COLOR  OF 
CREVASSES  mimu  PllS  BELOW  1/2  TO  1  METER  MAY  BE  ATTRIBUTED  TO  THE  GREATER 
PENETRATION  OF  THE  BLUE  COMPONENT  OF  SUNSHINE.  THE  TEMPERATURE  OF  OBJECTS 
^SPECIALLY  DARK  ones)  IN  OR  UNDER  THE  SNOW,  TOR  EXAMPLE,  THE  GROUND  SUR¬ 
FACE,  MAY  3E  RAISED  CONSIDERABLY  ABOVE  THAT  OF  THE  AIR  ABOVE  THE  SNOW 
SURFACE  THROUGH  ABSORPTION  OF  THE  SMALL  AMOUNTS  OF  INSOLATION  THAT  PENE¬ 
TRATES  THE  SNOW. 

One  of  the  more  significant  characteristics  of  snow  is  that  it  acts 
as  an  insulating  medium.  When  of  sufficient  depth,  a  snow  cover  protects 

THE  GROUND  SURFACE,  INCLUDING  AN.MALS  AND  VEGETATION,  FROM  EXTREME  COLD. 

Horn  (l952>  p<  2)>  IN  ms  review  of  soil  temperature  studies,  credits 
R.  F.  Black  with  measuring  the  lowest  soil  surface  temperature,  -11 .9  F, 

RECORDED  UNDER  A  SNOW  COVER.  THIS  TEMPERATURE  WAS  MEASURED  AT  POINT 
Barrow,  Alaska,  after  eight  days  of  air  temperatures  which  ranged  from 
-22.4  F  to  -34.6  F.  Unfortunately,  the  snow  depth  is  not  given.  Beckel 
(1957) >  however,  states  that  soil  surface  temperatures  of  -25  C  (-13  F) 
occurred  in  non-forested  regions  during  studies  conducted  at  Fort  Churchill, 
Canada.  Bay,  Wunnecke  and  Hays  (1952)  found  that  a  snow  cover  of  24 
INCHES  PREVENTS  freezing  of  the  soil  when  air  temperatures  are  as  low  as 
-21  F.  Cherepanov  (1933)  RCPorts  a  minimum  so<l  surface  temperature  of 
-17*8  C  (0.0  F)  at  Novosibirsk  during  winter  1932-33  when  THE  snow  cover 
was  30  to  4o  CM  DEEP  AND  THE  SNOW  SURFACE  TEMPERATURE  WAS  -48  C  (  -54.4  F) . 

Thomson  (1934)  conducted  soil  temperature  studies  at  Winnepeg,  Canada 

FOR  THREE  YEARS.  He  NOTED  THAT  A  SNOW  COVER  STRONGLY  REDUCED  VARIATIONS 
IN  SOIL  TEMPERATURES,  RETARDED  FROST  FORMATION  IN  THE  SOIL,  AND  LIMITED 
THE  DEPTH  OF  PENETRATION  OF  FROST  |N  THE  SOIL.  THE  INSULATION  AFFORDED  BY 
A  SNOW  COVER  IS  OUE  TO  THE  NOTABLY  POOR  HEAT  CONDUCTIVITY  OF  SNOW.  A 
LARGE  QUANTITY  OF  AIR  IS  TRAPPED  IN  MINUTE  UNITS  BETWEEN  AND  WITHIN  THE 
SNOW  AND  ICE  CRYSTALS  THAT  FORM  A  SNOW  COVER,  AND  SOIL  HEAT  PASSES  THROUGH 
ONLY  WITH  DIFFICULTY.  LOOSE  SNOW  CONTAINS  A  LARGER  AMOUNT  OF  AIR  BETWEEN 
AND  WITHIN  SNOWFLAKES  THAN  DOES  DENSE  SNOW,  AND  IS  A  MUCH  BETTER  INSULATOR. 

The  heat  conductivity  of  snow,  therefore,  is  directly  related  to  the 

DENSITY  OF  THE  SNOW  AND,  ACCORDING  TO  RlKHTER  ( 1 950,  P.  26),  THE  COEFFICIENT 
OF  HEAT  CONDUCTIVITY  OF  SNOW  IS  APPROXIMATELY  PROPORTIONAL  TO  THE  SQUARE 
OF  ITS  DENSITY. 

Snow  density  measurements  were  made  once  each  week  by  using  a  stand¬ 
ard  KIT  AND  INSTRUMENTS  PROVIDED  BY  THE  SNOW,  ICE  AND  PERMAFROST  RESEARCH 
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Establishment,  Corps  of  Engineers,  U.S.  Army,  and  following  instructions 
found  in  SIPRE  Instruction  Manual  No.  i  ( 195^) •  These  measurements  showed 

THAT  THE  DENSITY  OF  SNOW  AT  THE  MICROCLIMATIC  STATIONS  VARIED  FROM  0.1  (0 
GM/Cm"3  FOR  FRESHLY-FALLEN  SNOW  NEAR  THE  SURFACE  (USUALLY  AT  VERY  LOW 
TEMPERATURES)  TO  A  MAXIMUM  DENSITY  OF  0.26 0  Gm/cm"3  FOR  OLDER  SNOW  AT 
GREATER  DF^THS,  -( .5  CM  TO  -10  CM  (  AND  GENERALLY  HIGHER  TEMPERATURES). 

These  values  may  be  compared  with  a  very  light,  fluffy  snow  which  has  a 

DENSITY  OF  O.O^  Gm/cm  AND  THAT  OF  A  HIGHLY  COMPRESSED  SNOW  WHOSE  DENSITY 
APPROACHES  THAT  OF  SOLID  ICE,  0.$i  /  Gm/cM_3  (SIPRE  RPT.  10,  1 953,  PP-  3~6). 
IT  IS  EVIDENT,  THEREFORE,  THAT  THE  SNOW  AT  THE  STATIONS  WAS  NOT  VERY 
DLNEl,  THAT  IT  PRESUMABLY  HAD  A  LOW  COEFFICIENT  OF  HEAT  CONDUCTIVITY,  AND 
SERVED  AS  AN  EXCELLENT  INSULATING  MEDIUM  BETWEEN  THE  SOIL  AND  AIR.  WITH 
THIS  KNOWLEDGE,  LARGE  DIFFERENCES  COULD  BE  EXPECTED  IN  SOIL,  SNOW,  AND 
AIR  TEMPERATURES. 


c .  Temperature 

TO  MOST  PEOPLE, THE  ARCTIC  AMD  SUBARCTIC  MEAN  EXTREME  COLD. 

LOW  TEMPERATURES  ARE  USUALLY  CONSIDERED  ONE  OF  THE  MOST  SERIOUS  CLIMATIC 
ELEMENTS  IMPOSING  STRESS  AND  LIMITATIONS  ON  THE  EFFECTIVE,  EFFICIENT  OPERA¬ 
TION  AND  FUNCTIONING  OF  MAN  AND  HIS  EQUIPMENT.  DURING  DECEMBER  1956, 

OPTIMUM  CONDITIONS  OCCURRED  FOR  STUDYING  THE  DISTRIBUTION  OF  LOW  TEMPERA¬ 
TURES  IN  THE  MICROCLIMATIC  LAYER  NEAR  THE  GROUND,  AND  FOR  NOTING  DIFFERENCES 
CAUSED  BY  VEGETATION,  DEPTH  OF  SNOW,  WIND,  AND  INSOLATION. 

SNOW-SURFACE  MEASUREMENTS  ARE  AMONG  THE  MOST  DIFFICULT  OF  CLIMATIC 
OBSERVATIONS.  NECHAEV  ( 1 953^  pp*  '"7)  DISCUSSES  METHODS  OF  MAKING  INSTAN¬ 
TANEOUS  TEMPERATURE  OBSERVATIONS  AT  THE  SNOW  SURFACE.  HE  PARTICULARLY 
EMPHASIZES  THE  IMPORTANCE  OF  CAREFULLY  SETTING  THE  THERMOMETERS  UPON  AN 
UNDISTURBED  SNOW  COVER  10  ID  JJ  MINUTES  BEFORE  THE  READING  TIME.  GEIGER 
(195Y,  P.  l69)  POINTS  OUT  THAT,  DUE  TO  Tnt.  COOLING  EFFECT  OF  EVAPORATION 
ON  THE  SuRIACE  OF  THE  SNOW,  THE  TEMPERATURE  MAXIMUM  DOES  NOT  OCCUR  IMMEDI¬ 
ATELY  ON  THE  SNOW  SURFACE  DURING  INSOLATION,  BUT  AT  A  DEPTH  OF  ABOUT  1  CM. 

When  air  temperatures  are  less  than  3 2  F,  conduction  also  plays  a  role  in 

COOLING  THE  SNOW  SURFACE.  THE  METHOD  OF  MAKING  SNOW  "SURFACE"  TEMPERA¬ 
TURE  MEASUREMENTS  AT  BlG  DELTA  HAS  BEEN  DESCRIBED.  EVERY  EFFORT  WAS  MADE 
TO  KEEP  THE  THERMOCOUPLE  JUST  BENEATH  THE  SNOW  SURFACE,  AT  A  DEPTH  OF 
ABOUT  HALF  AN  iNCH,  BuT  UUKINU  TIMES  OF  SNOWFALL  AND  ESPECIALLY  BLOWING 
SNOW  THIS  WAS  NOT  POSSIBLE.  THEREFORE,  THESE  DATA  MUST  BE  CONSIDERED, 

AT  BEST,  AN  APPROXIMATION  TO  THE  ACTUAL  TEMPERATURES  AT  THE  SNOW  SURFACE. 

Nechaev  (  I953»  pp*  I-**)  points  out,  in  his  measurements  using  alcohol 

THERMOMETERS,  THAT  THE  TEMPERATURE  OF  THE  THERMOMETERS  WILL  DIFFER  FROM 
THAT  OF  THE  SNOW  BECAUSE  OF  DIFFERENCES  BETWEEN  THE  ABSORPTION  AND  RADI¬ 
ATION  CHARACTERISTICS  OF  THE  THERMOMETER  AND  SNOW.  TO  REDUCE  THIS  SOURCE 
OF  ERROR,  THERMOCOUPLES  AND  LEAD  WIRES  WERE  PAINTED  WHITE.  ERROR  ON  ACCOUNT 
OF  SOLAR  RADIATION  WAS  SMALL,  OWING  BOTH  TO  ITS  LOW  VALUE  AMD  TO  THE  LOW 
ELEVATION  OF  THE  SUN  AND  CONSEQUENT  STRONG  REFLECTION  (alBEDo)  FROM  THE 
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SNOW  SURFACE.  AT  THE  WOODS  STATION,  WHERE  THE  INSOLATION  WAS  VIRTUALLY 
NIL,  THE  THERMOCOUPLE  COULD  NOT  JE  AFFECTED  BY  SOLAR  RADIATION. 

( 1 )  Mean  hourly  temperatures 

Mean  hourly  temperatures  for  the  .arious  thermocouple 

HEIGHTS  ARE  SHOWN  IN  FIGURE  37  AND  LISTED  IN  TABLE  A-6  (APPENDIX).  THESE 
DATA  SHOW  THE  EFFECTS  OF  SNOW  AND  TREES  ON  TEMPERATURES,  BOTH  AIR  AND 
SOIL.  The  differences  in  the  depth  OF  the  snow  between  THE  STATIONS  IS 
IMPORTANT  HERE. 

The  most  striking  thing  shown  by  the  curves  in  Figure  37  is  the 

STEADINESS  OF  THE  TEMPERATURES  IN  THE  SOIL.  F.VEN  NEAR  THE  SURFACE  THERE 
WAS  LITTLE  OR  NO  FLUCTUATION  DURING  THE  DAY,  ILLUSTRATING  THE  MARKED 
INSULATING  PROPERTIES  OF  THE  SNOW.  ANOTHER  INTERESTING  FEATURE  IS  THE 
LOWER  SOIL  TEMPERATURES  AT  THE  WOODS  STATION.  THE  PROTECTION  AFFORDED 
BY  A  DEEPER  SNOW  COVER  AND  BY  THE  TREES  SHOULD  RESULT  IN  HIGHER  SOIL 
TEMPERATURES  AT  THIS  STATION  THAll  AT  THE  OPEN  STATION.  THIS  DIFFERENCE, 
WHICH  IS  RETAINED  UNTIL  THE  LAST  FEW  DAYS  OF  DECEMBER,  MUSI  BE  ATTRIBUTED 
TO  THE  FACT  THAT  SOIL  TEMPERATURES  REMAIN  LOW  THROUGHOUT  THE  WARM  MONTHS. 

With  the  start  of  cold  weather,  soil  temperatures  in  the  forest  are  al¬ 
ready  MUCH  COLDER  (ABOUT  5  F  DEG.  AT  -60  CM  AND  8  F  DEG.  AT  -2-5  CM  IN 
November)  than  those  in  the  open,  and  remain  so  in  spite  of  the  greater 

PROTECTION  OF  THE  DEEPER  SNOW  THAT  EVENTUALLY  ACCUMULATES.  TOWARD 
MIDWINTER,  THE  SOIL  IN  THE  OPEN  BECOMES  COLDER  THAN  IN  THE  WOODS. 

Temperatures  at  and  above  the  ground  surface  display  the  opposite 

TENDENCY,  THOSE  IN  THE  FOREST  BEING  HIGHER  THAN  T  IOSE  IN  THE  OPEN.  THE 
GREATER  INSULATION  PROVIDED  BY  DEEPER  SNOW  AT  THE  WOODS  STATION  IS  LARGELY 
RESPONSIBLE  FOR  THESE  HIGHER  TEMPERATURES  BUT  THE  SPRUCE  TREES  PLAY  A 
DECISIVE  ROLE  BY  REDUCING  THE  EXCESSIVE  NET  NOCTURNAL  RADIATION  FROM 
THE  SNOW  SURFACE. 

(2)  Differences  in  mean  hoorly  temperatures 


(  a)  OPEN  compared  to  WOODS 

OlFFERCNCES  IN  MEAN  HOURLY  TEMPERATURES  BETWEEN 
TWO  STATIONS  AT  THE  SAME  THERMOCOUPLE  LEVELS,  ANO  BETWEEN  CONSECUTIVE 
(ADJACENT)  LEVELS  AT  THE  SAME  STATION,  ARE  PRESENTED  GRAPHICALLY  IN 

Figure  38- 

Figure  38  ILLUSTRATES  WELL  THE  DIFFERENCES  IN  TEMPERATURE  BETWEEN 
THE  STATIONS  AT  THE  VARIOUS  LEVELS.  AT  THE  OPF.N  STATION,  SOIL  TEMPERA¬ 
TURES  WERE  1  F  DEG.  TO  4  F  DEG.  HIGHER  THAN  THOSE  IN  THE  FOREST.  AS 
EXPLAINED  ABOVE,  THIS  IS  ATTRIBUTED  TO  THE  LOWER  TEMPERATURES  IN  THE 
SOIL  IN  THE  FOREST  AT  THE  START  OF  WINTER. 
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mama. 


The  protection  by  the  c.now  is  particularly  evidenced  IN  THE  TEMPERA¬ 
TURES  AT  LEVELS  CLOSEST  TO  THE  GROULD,  25  CM,  /. 5  CM  AND  0  CM,  WHERE 
THERMOCOUPLES  WERE  COVERED  WITH  SNOW  (EXCEPT  AT  C.lJ  Cm  Al  THE  OPEN  STATION). 
At  THESE  LEVELS  TEMPERATURES  IN  THE  TOREST  WERE  5  F  DEG.  TO  0  F  DEG. 

HIGHER  THAN  THOSE  IN  THE  OPEN.  THIS  WAS  PRIMARILY  DUE  TO  THE  THINNER 
SNOW  COVER  AND  TO  THE  GREATER  LOSS  OF  HEAT  FROM  THE  GROUND  SURFACE 
THROUGH  RADI  ATI  ONAI.  COOLING  FROM  THE  SNOW  SURFACE  ON  CLEAR  NIGHTS  IN  THE 
OPEN  . 


AIR  TEMPERATURES  DID  NOT  DIFFER  GREATLY,  GENERALLY  BEING  LESS  THAN 
c  f  jl G.  u OW E R  AT  THE  OPtN  STATION.  ThE  SNOW  SURFACE  TEMPERATURE  WAS 
USUALLY  1  F  DEG.  TO  2  F  DEG.  LOWER  AT  THE  OPEN  STATION.  THIS  WAS  CAUSED 
BY  EVAPORATION  DURING  THE  DAY,  SOLAR  RADIATON  AND  WIND  SPEED  BEING 
GREATER;  BY  LOSS  OF  HEAT  BY  RADIATION  DURING  THE  NIGHTj  AND  BY  CONDUCTION 
WHEN  THE  AIR  TEMPERATURE  WAS  3^  F  OR  LOWER.  FROM  ABOUT  0(00  TO  1100 
THE  SNOW-SURFACE  TEMPERATURE  IN  THE  OPEN  WAS  HIGHER  THAN  IN  THE  WOODS. 

This  was  most  likely  caused  by  the  increase  in  insolation  at  this  time, 
ALTHOUGH  LATER  IN  THE  DAY,  AT  1200  Ah  D  1300,  WHEN  THIS  HEATING  HAD  PRO¬ 
GRESSED  AND  WHEN  INSOLATION  WAS  MOST  INTENSE  AND  WIND  SPEEDS  WERE  STRONG¬ 
EST,  THE  SURFACE  TEMPERATURE  IN  THE  OPEN  WAS  LOWERED  BY  EVAPORATION  AND 
CONDUCTION,  AND  WAS  BELOW  THAT  OF  THE  FOREST. 

IN  THE  AIR  ABOVE  THE  SNOW,  TEMPERATURES  AT  THE  TWO  STATIONS  WERE 
MOST  SIMILAR  DURING  THE  DAYTIME  HOURS  OF  MEASURABLE  INSOLATION,  1000  TO 
l400.  On  CALM,  CLEAR  NIGHTS,  THE  SNOW  SURFACE  and  adjacent  air  layers 
COOLED  MORE  RAPIDLY  AND  TO  LOWER  TEMPERATURES  IN  THE  OPEN  THAN  IN  THE 
FOREST  WHERE  NOCTURNAL  RAOIATION^l  COOLING  WAS  REDUCED  BY  THE  SPRUCE  TREES. 

(b)  Vertical  gradients 

At  the  WOODS  station  the  greatest  differences 

BETWEEN  TEMPERATURES  AT  CONSECUTIVE  THERMOCOUPLE  LEVELS  OCCURRED  IN  THE 
SNOW,  BETWEEN  THE  SNOW  SURFACE  (^3  Cm)  AND  THE  GROUND  SURFACE  (0  Cm)  . 

The  INSULATING  PROPERTIES  OF  THE  SNOW  ARC  SHOWN  BY  THE  TEMPERATURE  DIS¬ 
TRIBUTION  WITHIN  THE  SNOW  ITSELF.  THE  GREATEST  TEMPERATURE  DIFFERENCES 
WERE  BETWEEN  THE  25  CM  AND  7*5  CM  LEVELS,  THC  FORMER  BEING  l6  F  DEG.  TO 
16  F  DEG.  COLDER.  THE  25  CM  THERMOCOUPLE  WAS  COVERED  WITH  APPROXIMATELY 
10  CM  OF  SNOW  WHILE  THAT  AT  7*5  CM  WAS  COVERED  WITH  APPROXIMATELY  35  CM> 

The  DIFFERENCES  IN  TEMPERATURES  BETWEEN  LEVELS  WERE  DUE  TO  THE  GREATER 
AMOUNT  OF  SNOW  OVERLYING  THE  (  *5  CM  THERMCOUPLE.  THE  NEXT  GREATEST  TEM¬ 
PERATURE  Dl  FPERENCE,  II  F  DEO.  TO  12. 5  F  DEG.,  WAS  BETWEEN  THE  7*5  CM 
AND  0  CM  LEVELS,  THE  FORMER  BEING  THE  COLDER.  AGAIN,  THE  WARMER  TEMPERA¬ 
TURES  CLOSER  TO  THE  GROUND  WERE  CAUSED  BY  THE  GREATER  DEPTH  OF  THE  OVER- 
LYING  SNOW,  AS  WELL  AS  BY  THE  CONDUCTION  OF  HEAT  FROM  THE  WARMER  GROUND 
BELOW. 


The  large  temperature  gradient  in  the  snow  is  a  striking  feature. 
Between  the  ground  surface  and  snow  surface,  a  distance  of  43  cm  on  the 
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AVERAGE  (ABOUT  17  INCHES),  PERSISTENT  TEMPERATURE  DIFFERENCES  OF  OVER 
20  F  DEG.  OCCURRED.  THIS  AMOUNTS  TO  A  DECREASE  IN  TEMPERATURE  OF  2  F 
DFG.  FOR  EVERY  2  TO  2. 5  CM,  OR  ABOUT  2  F  DEG.  PER  INCH. 

In  the  soil  in  the  FOREST,  the  HIGHEST  TEMPERATURES  were  measured 
AT  THE  DEEPEST  LEVEL,  -60  CM,  AND  TEMPERATURES  GRADUALLY  DECREASED  UP¬ 
WARD.  A  UNIQUE  SITUATION  OCCURRED  AT  THE  GROUND  SURFACE,  THE  0  CM 
TEMPERATURE  BEING  WARMER  BY  ABOUT  2  F  DEG.  THAN  THAT  AT  -2-5  CM.  THE 
ONLY  EXPLANATION  FOR  THIS  IS  THAT  ONE  OR  BOTH  OF  THESE  THERMOCOUPLES 
BECAME  SLIGHTLY  DISPLACED,  BEING  QUITE  CLOSE  TO  THE  SURFACE,  SO  THAT  THE 
-2-5  CM  THERMOCOUPLE  WAS  MORE  EXPOSED  THAN  THE  ONE  AT  0  CM. 

There  was  little  vertical  gradient  of  air  temperature  in  the  forest. 
Air  temperatures  were  usually  within  O.jj  F  deg.  of  one  another,  with  no 
significant  differences.  It  is  interesting  to  note  that  the  temperature 
AT  5°  CM,  ABOUT  6  OR  CM  ABOVE  THE  SNOW  SURFACE,  WAS  1  F  DEG.  TO  2*5  F 
DEG.  LOWER  THAN  AT  THE  SNOW  SURFACE.  DURING  THE  DAY,  INSOLATION  SLIGHTLY. 
WARMED  THE  SNOW  JUST  BELOW  THE  SURFACE  WHERE  THE  0  CM  THERMOCOUPLE  WAS 
INSTALLED  (EVAPORATION  MOST  LIKELY  COOLED  THE  SURFACE).  AT  NIGHT,  COOLING 
TOOK  PLACE  FROM  THE  SURFACE,  AND  THE  THERMOCOUPLE,  EMBEDDED  JUST  BELOW  THE 
SURFACE,  WAS  SOMEWHAT  PROTECTED,  NOT  COOLING  AS  RAPIDLY  OR  TO  AS  LOW  A 
TEMPERATURE  AS  THE  ACTUAL  SURFACE  AND  ADJACENT  AIR. 

Temperature  differences  between  adjacent  heights  in  the  open  were 

SIMILAR  TO  THOSE  IN  THE  FOREST.  THE  SNOW  COVER  IN  THE  OPEN  WAS  NOT  AS 
DEEP,  HOWEVER,  AND  SO  THE  GROUND  WAS  INFLUENCED  MORE  BY  THE  COLD  AIR  ABOVE. 
The  GREATEST  DIFFERENCES,  10  F  DEG.  TO  15  F  DEG.,  WERE  OBSERVED  BETWEEN 
THE  7.5  CM  AND  0  CM  LEVELS  AND  BETWEEN  THE  SNOW  SURFACE  (22.1  Cm)  AND 
7.5  cm-  In  contrast  to  the  WOODS  station,  the  ground  surface  (0  cm)  at 
the  OPEN  station  was  much  colder  (8  F  deg.  to  9  F  deg.)  than  the  -2-5 
cm  level.  At  this  station,  the  ground  beneath,  although  cold  by  normal 
standards,  acted  as  a  heat  source  to  the  still  colder  surface  above. 

( 3)  Vertical  temperature  distribution  on  selected  hours  and 
days 

The  effects  of  clouds  and  wind  are  illustrated  by  Figure  39 
which  shows  the  vertical  temperature  distribution  on  selected  days  of  the 
month  (December  21  and  28)  at  four  different  hours  on  each  day  (0100, 

0700,  1300,  and  1900). 

December  21  was  extremely  cold;  temperatures  at  the  CAA  station 
RANGED  FROM  -29  F  TO  -44  F.  EXCEPT  FOR  LIGHT  WINDS  VERY  EARLY  IN  THE 
MORNING,  CALM  PERSISTED  THROUGHOUT  THE  DAY.  ALTHOUGH  THERE  WERE  NO 
CLOUDS  REPORTED,  NEARLY  HALF  THE  DAY  THE  SKY  WAS  COVERED  BY  ICC  FOG  WHICH 
REDUCED  HORIZONTAL  VISIBILITY  TO  LESS  THAN  A  MILE.  SOLAR  RADIATION  AT 
THE  OPEN  STATION  TOTALED  9  LY.  IN  CONTRAST,  DECEMBER  28  WAS  A  WINDY, 
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VERTICAL  DISTRIBUTION  OF  TEMPERATURE  DECEMBER  21  AND  28.  1956 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS,  BIG  DELTA,  ALASKA 


WOODS  - —  OPEN 


DECEMBER  21  -  CALM,  CLEAR  DAY 


HEIGHT 


CLOUDY  DAY.  THE  WIND  BLEW  STEADILY  FROM  THE  EAST  OR  SOUTHEAST,  AT  10  TO 
20  MPH,  WITH  GUSTS  TO  27  MPH  (  AT  THE  CAA  STATION).  SKY  COVER  VARIED  FROM 
0-3  IN  THE  EARLY  MORNING  TO  1.0  (OVERCAST)  ABOUT  1000  AND  REMAINED  SO 
TOR  rHE  REST  OF  THE  DAY.  oOL  AR  RADIATION  WAS  TOO  WEAK  TO  BE  RECORDED 
THAT  DAY. 

Thf  DIFFERENCES  BETWEEN  AIR  AND  SNOW  TEMPERATURES  ON  THESE  TWO  DAYS 
WERE  SURPRISING,  AMOUNTING  TO  APPROXIMATELY  60  F  DEG.,  ALTHOUGH  SPECIFIC 
DIFFERENCES  VARIED  WITH  TIME  OF  DAY,  STATION,  AND  LEVEL.  IN  THE  SOIL, 

WEI  L  INSULATED  FROM  THE  AIR,  DIFFERENCES  WERE  GENERALLY  LESS  THAN  10  F 
DEG.  AT  THE  OPEN  STATION  AND  LESS  THAN  5  F  DEG.  AT  THE  WOODS  STATION. 

Figure  4o  shows  the  vertical  distribution  of  mean  temperatures  during 

THE  MONTH  FOR  THE  FOUR  SELECTED  HOURS  USED  ABOVE. 

This  graph  reveals:  1)  that  ground  temperatures  below  the  surface 
AVERAGED  WARMER  AT  THE  OPEN  THAN  AT  THE  WOODS  STATION,  WHILE  AT  AND  ABOVE 
THE  SURFACE  THE  OPEN  STATION  WAS  THE  COLDER,  2)  THE  STRONG  INSULATING 
PROPERTIES  OF  THE  SNOW  COVER  AND  THE  VERY  STEEP  TEMPERATURE  GRADIENT 
THROUGH  THE  SNOW  FROM  THE  GROUND  TO  THE  SNOW  SURFACE,  AND  3)  A  VERY  SLIGHT 
TENDENCY  TOWARD  AN  INCREASE  IN  TEMPERATURE  FROM  25  CM  TO  100  CM  AT  THE 
OPEN  STATION,  WITH  AN  ISOTHERMAL  LAPSE-RATE  ABOVE  100  CM,  AND  AN  ISO¬ 
THERMAL  LAPSE-RATE  FROM  5°  CM,  JUST  ABOVF  THE  SNOW  SURFACE,  TO  400  CM 
AT  THE  WOODS  STATION. 

Although  soil  temperatures  in  the  open  were  as  low  as  or  lower  than, 

THOSE  IN  THE  FOREST  TOWARD  THE  END  OF  THE  MONTH,  THE  SOIL  AVERAGED  WARMER 
AT  THE  OPEN  STATION  DURING  THE  MONTH,  THE  LARGEST  DIFFERENCE  OCCURRING  AT 
-60  CM.  IN  THE  SNOW  AND  THE  AIR,  HOWEVER,  TEMPERATURES  AT  THE  OPEN 
STATION  WERE  LOWER  THAN  THOSE  OF  THE  WOODS. 

The  strong  insulating  properties  of  the  snow  are  reflected  in  the 

RAPID  DECREASE  IN  TEMPERATUES  FROM  THE  GROUND  TO  THE  SNOW  SURFACE.  THIS 
DECREASE  WAS  GREATER  AT  THE  OPEN  STATION,  AMOUNTING  TO  25  F  DEG.  IN  THE 
22.1  CM  MEAN  DEPTH,  WHILE  IN  THE  FOREST  IT  WAS  ABOUT  32  F  DEG.  IN  43-4  CM. 

Air  TEMPERATURE  DIFFERENCES  BETWEEN  THE  STATIONS  WERE  VERY  SMALL, 
BEING  2  F  DEG.  OR  LESS  MOST  OF  THE  TIME.  AT  THE  OPEN  STATION,  THERE 
WAS  ONLY  A  1  F  DEG.  INCREASE  IN  MEAN  TEMPERATURE  BETWEEN  THE  25  CM  LEVEL 
(just  ABOVE  THE  SNOW  SURFACE)  AND  THE  100  CM  LEVEL,  ABOVE  WHICH  THE  LAPSE- 
RATE  WAS  ISOTHERMAL.  AT  THE  WOODS  STATION  THE  LAPSE-RATE  WAS  ISOTHERMAL 
FROM  50  CM  (just  ABOVE  THE  SNOW  SURFACE)  TO  400  CM. 

(4)  Daily  mean  temperatures 

Daily  mean  temperatures  are  shown  on  Figure  4l  and 
listed  in  Table  A-/  (Appendix). 


1 
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VERTICAL  DISTRIBUTION  OF  MEAN  TEMPERATURES  AT  VARIOUS  LEVELS  FOR  SELECTED  HOURS 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS.  BIG  DELTA.  ALASKA 
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Figure  4l 


Daily  mean  temperatures  show  significant  interdiurnal  variability. 
The  most  interesting  features  of  this  graph  are:  l)  the  small  variabil¬ 
ity  in  temperatures  ai  uheaiek  depths  in  the  soil  (less  in  the  forest 
THAN  IN  THE  open),  2)  THE  LAG  IN  SOIL  TEMPERATURES  BEHIND  AIR  TEMPERA¬ 
TURES,  3)  THE  INCREASE  INVARIABILITY  NEAR  THE  SURFACE  OF  THE  GROUND,  IN 
THE  SNOW,  AND  IN  1  HE  AIR,  4)  THE  MORE  PRONOUNCED  INSULATING  EFFECTS  OF 
THE  DEEPER  SNOW  IN  THE  FOREST,  AND  5)  THE  SIMILARITY  IN  AIR  TEMPERATURES 
AT  THE  STATIONS. 

Many  investigators  have  noted  the  effects  of  snow  cover  on  soil  and 

AIR  i  LMPER  AT  UR  E  S  .  AMONG  THESE,  BOUYOUCOS  (  1 9  "•  6 ,  P.  132),  HARRINGTON 

(  1926) ,  Thomson  (>93^)>  Anderson  (19^7)>  and  Bay  et  al.  0952)  have 

MADE  DETAILED  STUDIES.  GEIGER  {  1 95 Y >  pp*  '64 -’['4)  DISCUSSES  THE  AIR  LAYER 
NEAR  THE  SNOW  AND  THE  INFLUENCE  OF  SNOW  COVER  ON  SOIL  TEMPERATURES,  MEN¬ 
TIONING  THE  WORKS  OF  MANY  AUTHORS,  AND  HORN  0  952)  SUMMARIZES  INFORMATION 
ON  SOIL  TEMPERATURES  INCLUDING  RESULTS  OBTAINED  IN  VARIOUS  STUDIES  ON 
THE  EFFECTS  OF  SNOW  ON  THESE  TEMPERATURES.  MORE  RECENTLY,  CHANG  0  950 
HAS  COMPLETED  A  VERY  DETAILED  AND  COMPREHENSIVE  STUDY  OF  GROUND  TEMPERA¬ 
TURES. 


During  the  cold  period  extending  from  December  6  to  26,  daily  mean 

AIR  TEMPERATURES  WERE  BELOW  -20  F  AND  ON  ABOUT  HALF  THE  DAYS  THEY  WERE 
BELOW  -30  F.  The  INTENSE  COLD  WAS  REFLECTED  IN  FLUCTUATIONS  OF  TEMPERA¬ 
TURE  EVEN  DEEP  IN  THE  SOIL  (WITH  INCREASING  LAG  AT  GREATER  DEPTHS,  ~30 
CM  AND  -60  CM),  IN  SPITE  OF  THE  INSULATING  EFFECTS  OF  THE  SNOW.  THE 
PROTECTION  PROVIDED  eY  DEEPER  SNOW  (  AND  DUFF)  IN  THE  WOODS  (  AND  BY  THE 
FOREST  ITSELF  BY  REDUCING  LOSS  OF  HEAT  BY  OUT-GOING  RADIATION  AND  BY 
AUSTAUSCH)  IS  OBVIOUS  WHEN  A  COMPARISON  IS  MADE  OF  SOIL  TEMPERATURES  AT 
THE  TWO  STATIONS.  AT  THE  BEGINNING  OF  THE  MONTH,  TEMPERATURES  AT  ALL 
DEPTHS  WERE  HIGHER  IN  THE  OPEN.  ALTHOUGH  A  MORE  OR  LESS  STEADY  DECREASE 
IN  SOIL  TEMPERATURES  COULD  USUALLY  BE  EXPECTED,  DURING  THE  EXTREME  COLD 
PERIOD  THE  DECREASE  IN  SOIL  TEMPERATURES  WAS  SHARPLY  ACCENTUATED  AT  BOTH 
STATIONS,  WITH  INCREASING  TIME-LAG  REQUIRED  FOR  IT  TO  BEGIN,  THE  GREATER 
THE  DEPTH  BENEATH  THE  SNOW  AND  SOIL  SURFACES • 

THE  DECREASE  IN  SOIL  TEMPERATURES  WAS  BY  FAR  THE  MORE  RAPID  AT  THE 
OPEN  STATION,  HOWEVER,  AND  EVENTUALLY,  TOWARD  THE  END  OF  THE  MONTH  (DECEM¬ 
BER  28),  SOIL  TEMPERATURES  AT  THE  OPEN  STATION  WERE  AS  LOW  AS,  OR  LOWER 
THAN,  THOSE  AT  THE  WOODS  STATION  FOR  THE  FIRST  TIME  DURING  THE  WINTER. 

The  CROSS-OVER  POINT,  WHERE  SOIL  TEMPERATURES  IN  THE  OPEN  BECAME  LOWER 
THAN  THOSE  IN  THE  FOREST,  OCCURRED  EARLIER  IN  THE  MONTH  (DECEMBER  10) 

AT  LEVELS  CLOSER  TO  THE  GROUND  SURFACE. 

Fluctuations  of  soil  temperatures  were  far  more  pronounced  in  the 

OPEN  THAN  IN  THE  FOREST.  THIS  ILLUSTRATES  THE  DAMPING  EFFECTS  OF  DEEPER 

snow.  Harrington  (1923)  found  that  at  depths  of  1  and  2  feet  (30  and 
60  cm)  IN  THE  SOIL,  SCARCELY  ANY  IMMEDIATE  RESPONSE  COULD  BE  DETECTED 
TO  THE  MOST  DECIDED  FLUCTUATIONS  IN  THE  TEMPERATURE  OF  THE  AIR.  He 
CONSIDERED  THIS  AS  MOST  STRIKING  EVIDENCE  OF  THE  MARKED  INSULATING  PROPERTY 
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of  snow.  In  Saskatchewan,  where  Harrington's  studies  were  conducted, 

AIR  TEMPERATURES  AS  LOW  AS  THOSE  EXPERIENCED  AT  BlG  DELTA  WERE  SELDOM 
OBSERVED  DURING  THE  PERIOD  ON  WHICH  HIS  STUDY  WAS  BASED.  DAILY  MEAN  AIR 
TEMPERATURES  WERE  GENERALLY  BETWEEN  0  F  AND  -10  F  AND  WERE  ONLY  INFRE¬ 
QUENTLY  as  low  as  -20  F  or  -30  F.  Unfortunately,  Harrington  did  not 
GIVE  THE  EXTENT  OR  DEPTH  OF  THE  SNOW  COVER  DURING  HIS  WINTER  MEASUREMENTS 

At  Big  Delta  the  lower  temperatures  and  perhaps  thinner  snow  cover 

WERE  RESPONSIBLE  FOR  THE  TEMPERATURE  FLUCTUATIONS  THAT  OCCURRED  TO  DEPTHS 
OF  -bO  CM.  IT  IS  SURMISED  THAT  TEMPERATURES  NEAR  THE  GROUND  SURFACE 
IN  THE  OPEN  MIGHT  HAVE  BEEN  INFLUENCED,  IF  ONLY  SLIGHTLY,  BY  INSOLATION 
WHICH  PENETRATED  THE  SNOW. 

As  WAS  TRUE  FOR  MEAN  HOURLY  TEMPER ATURF S,  DAILY  MEAN  TEMPERATURES 
AT  VARIOUS  LEVELS  BETWEEN  THE  GROUND  SURFACE  AND  THE  SNOW  SURFACE  STRIK¬ 
INGLY  ILLUSTRATE  THE  INSULATING  PROPERTIES  OF  SNOW.  In  THE  FOREST,  AT 
0  CM,  THE  RANGE  OF  DAILY  MEAN  TEMPERATURE  WAS  17  F  DEG.  DURING  THE  MONTH, 
AND  THE  LOWEST  DAILY  MEAN  TEMDERATURE  WAS  5*5  ? •  IN  THE  OPEN,  AT  0  CM, 

THE  RANGE  OF  DAILY  MEAN  TEMPERATURE  WAS  43  F  DEG.,  AND  A  TEMPERATURE 
CHANGE  OF  4l  F  DEG.  OCCURRED  IN  ONLY  EIGHT  DAYS  (DECEMBER  6  TO  l4). 

The  LOWEST  DAILY  MEAN  TEMPERATURE  WAS  -15.4  F,  WHICH  WAS  RECORDED  ON  THE 
l4TH,  THREE  DAYS  AFTER  THE  MONTH'S  LOWEST  DAILY  MEAN  AIR  TEMPERATURE, 

-p2-3  F.  IN  THE  FOREST,  THE  DAILY  MEAN  TEMPERATURE  AT  0  CM  ON  DECEMBER 
l4  WAS  8.0  F,  OR  23  F  DEG.  HIGHER  THAN  IN  THE  OPEN.  CLOSER  TO  THE  SNOW 
SURFACE,  THE  DAILY  FLUCTUATIONS  OF  TEMPERATURE  WERE  ACCENTUATED  AND  MORE 
CLOSELY  FOLLOWED  THOSE  OF  THE  AIR. 

Air  temperatures  at  the  stations  were  usually  within  1  or  2  F  deg. 

OF  EACH  OTHER,  FOLLOWING  THE  SAME  PATTERNS  IN  THEIR  DAY-TO-DAY  VARIATIONS. 

(5)  Differences  in  daily  mean  temperatures 

Differences  in  daily  mean  temperatures  at  the  same 

THERMOCOUPLE  LEVELS  BETWEEN  THE  TWO  STATIONS.  AND  BETWEEN  CONSECUTIVE 
LEVELS  AT  EACH  STATION,  ARE  SHOWN  IN  FIGURE  42. 

(a)  OPEN  COMPARED  TO  WOODS 


AS  MIGHT  BE  EXPECTED,  DIFFERENCES  IN  DAILY  MEAN 
TEMPERATURES  BETWEEN  THE  STATIONS  WERE  VERY  MUCH  LARGER  THAN  DIFFERENCES 
IN  MEAN  HOURLY  TEMPERATURES.  THIS  WAS  ESPECIALLY  TRUE  OF  TEMPERATURES 
NEAR  THE  GROUND  SURF«C£  AND  IN  THE  SNOW  DURING  TIMES  OF  EXTREME  COLO. 

When  temperatures  were  moderately  low  —  at  or  below  -20  F  or  -25  F  —  and 

WHEN  DAYS  WERE  CLEAR,  IT  IS  SURMISED  THAT  SOME  SOLAR  RADIATION  PENETRATED 
THE  THIN  SNOW  COVER  AT  THE  OPEN  STATION,  WARMING  THE  GROUND.  AT  THESE 
TIMES,  FOR  EXAMPLE,  DURING  THE  FIRST  WEEK  OF  THE  MONTH,  TEMPERATURES  OF 
THE  GROUND  SURFACE,  IN  THE  SNOW,  AND  ON  THE  SNOW  SURFACE  WERE  5  F  DEG. 

TO  10  F  DEG.  HIGHER  AT  THE  OPEN  STATION. 
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WHEN  air  temperatures  were  very  low,  as  during  the  middle  of  the 

MONTH,  THE  HEAT  LOSS  FROM  THE  GROUND  SURFACE  WAS  GREATER  (BECAUSE  OF  THE 
THINNER  SNOW  COVER)  AT  THE  OPEN  STATION  AND,  DESPITE  THE  WARMING  EFFECTS 
OF  INSOLATION  (WHICH  WAS  AT  A  MINIMUM  AT  THIS  TIME),  THE  GROUND  SURFACE 
AND  SNOW  TEMPERATURES  WERE  MUCH  LOWER  THAN  THOSE  AT  THE  WOODS  STATION. 

AT  NIGHT,  THE  SPRUCE  TREES  REDUCED  HEAT  LOSS  THROUGH  RAD  I  AT  I ONAL  COOLING 
FROM  THE  SNOW  SURFACE  AT  THE  WOODS  STATION.  THE  23*4  F  DEG.  DIFFERENCE 
AT  THE  GROUND  SURFACE  (0  Cm)  BETWEEN  THE  TWO  STATIONS,  RECORDLD  ON  DECEM¬ 
BER  l4,  WAS  THE  MONTH'S  MAXIMUM  TEMPERATURE  DIFFERENCE  AT  ANY  OBSERVING 
LEVEL  BETWEEN  THE  STATIONS. 

The  DIFFERENCES  BETWEEN  THE  STATIONS  WERE  USUALLY  LESS  THAN  8  F 
DEG.  WITH  RESPECT  TO  BOTH  SOIL  AND  AIR  TEMPERATURES.  In  PERIODS  OF 
MODERATELY  COLD  WEATHER  EARLY  IN  THE  MONTH  AND  LATER,  AIR  AND  SOIL  TEM¬ 
PERATURES  AT  THE  OPEN  STATION  WERE  HIGHER  THAN  THOSE  Al  THE  WOODS  STA¬ 
TION,  BUT  DURING  TIMES  OF  DEEP  COLD  THE  REVERSE  WAS  TRUE. 

(b)  Vertical  gradients 

The  largest  differences  between  temperatures  at 

CONSECUTIVE  THERMOCOUPLE  LEVELS  AT  THE  STATIONS  OCCURRED  FROM  THE  GROUND 
TO  SNOW  SURFACE,  ANO  IN  THE  SNOW.  |N  THE  FOREST,  MAXIMUM  TEMPERATURE 
DIFFERENCES  OF  2y.1  F  DEG.  TO  3^*5  ^  DEG.  WERE  MEASURED  BETWEEN  25  CM 
AND  7-5  CMJ  THE  FORMER  BEING  COLDER.  THE  NEXT  GREATEST  DIFFERENCES  WERE 
OBSERVED  BETWEEN  THE  7 '5  CM  AND  0  CM  LEVELS,  WITH  THE  HIGHER  LEVEL  AGAIN 

colder.  Substantial  differences  were  also  noted  between  the  snow  sup.face 
(43-4  cm)  AND  25  CM,  AND  BETWEEN  5 0  CM  AND  THE  SNOW  SURFACE. 

IN  THE  OPEN,  THL  LARGEST  DIFFERENCES  WERE  ALSO  BETWEEN  THE  GROUND 
SURFACE  (0  CM)  ANO  THE  SNOW  SURFACE  (22.1  Cm)  AND  IN  The  AIR  LAYERS 
IMMEDIATELY  ABOVE.  THE  GREATEST  DIFFERENCE,  35*8  F  DEG.,  WAS  BETWEEN 
THE  SNOW  SURFACE  AND  /  .5  CM,  BUT,  AS  WAS  FOUND  TO  BE  TRUE  IN  THE  FOREST, 
SIGNIFICANT  DIFFERENCES  ALSO  WERE  NOTED  BETWEEN  7.5  CM  AND  0  CM. 

Differences  of  more  than  10  F  deg.  were  measured  between  25  lm  and 

AND  THE  SNOW  SURFACE  AND  BETWEEN  0  CM  AND  -2.5  CM.  No  DIFFERENCE  WAS 
DETECTED  BETWEEN  0  CM  AND  -2*5  CM  AT  THE  WOODS  STATION,  BECAUSE  OF  THE 
BETTER  INSULATION  BY  THE  DEEPER  SNOW. 

Soil-temperature  differences  between  consecutive  levels  at  the 
STATIONS  WERE  CONSIDERABLY  SMALLER,  USUALLY  BEING  LESS  THAN  5  F  DEG.  In 
THE  OPEN,  HOWEVER,  A  MAXIMUM  SOIL  TEMPERATURE  DIFFERENCE  OF  l4 .3  F  DEG. 
OCCURRED  BETWEEN  -30  CM  AND  -60  CM  ON  DECEMBER  l4.  INTENSE  COOLING  OF 
THE  GROUND  WAS  ALREADY  IN  PROGRESS  TO  A  DEPTH  OF  AT  LEAST  -30  CM  BUT 
HAD  NOT  YET  BEGUN  AT  A  DEPTH  OF  -60  CM. 

AlR-TEMPERATURE  DIFFERENCES  BETWEEN  CONSECUTIVE  LEVELS  WERE  INSIG¬ 
NIFICANT  AT  BOTH  STATIONS,  AMOUNTING  TO  LESS  THAN  1  F  DEG.  MOST  OF  THE 


TIME,  AND  LAPSE-RATES  WERE  NEARLY  ISOTHERMAL  FROM  THE  25  CM  (WOODS)  OR 

50  cm  (OPEN)  levels  to  400  cm. 

A  KNOWLEDGE  OF  THE  INFLUENCE  OF  SNOW  AND  VEGETATION  ON  SOIL  TEMPERA¬ 
TURES  IS  IMPORTANT  IN  THE  FIELDS  OF  AGRICULTURE,  BIOLOGY,  AND  ENGINEERING. 
BELOTELKIN  (1941)  AND  BAY  £T  AL .  ( 1 952 )  FOUND  THAT  SNOW  AND  DENSE  VEGETA¬ 
TION  (such  AS  FOUND  AT  BlC.  DELTA)  INSULATED  THE  SOIL  AND  REDUCED  THE  RATE 
OF  SOIL  FREF2ING.  So  I L  TEMPERATURE  DATA  OBTAINED  FROM  THE  PRESENT  STUDY 
WERE  USED  BY  ENGINEERS  AT  BIG  DELTA  IN  DETERMINING  THE  DEPTH  TO  WHICH 
STEAM  AND  WATER  PIPES  SHOULD  BE  LAID  WHEN  EXTENDED  FROM  THE  POWER  PLANT 
TO  BUILDINGS.  PRUITT  ^ 1 957 ) A  AND  JOHNSON  ( 1 957)  AND  HIS  CO-WORKERS,  Al 
Fairbanks,  Alaska,  showed  that  temperatures  at  the  ground  surface  and 

IN  SNOW  WERE  IMPORTANT  IN  DETERMINING  THE  DISTRIBUTION  AND  LIFE  HABITS 
OF  SMALL  ANIMALS.  MAMMALS  USUALLY  KILLED  AT  TEMPERATURES  OF  -40  F  HAVE 
SURVIVED  IN  AIR  TEMPERATURES  AS  LOW  AS  ~70  F  WHEN  PROTECTED  BY  SNOW. 
Johnson  also  found  that  temperatures  at  the  base  of  a  snow  cover  two 
FEET  (60  CM)  DEEP  WERE  15  F  TO  25  F  WHEN  AIR  TEMPERATURES  WERE  -40  F  TO 
-50  F  or  less.  Values  obtained  at  Big  Delta  agree  with  these  findings. 
Johnson  further  observed  that  temperatures  in  the  snow  near  the  ground 

SURFACE  REMAINED  CONSTANT  WHEN  THE  SNOW  COVER  WAS  AT  LEAST  TWO  FEET  DEEP. 

This  was  not  observed  at  Big  Delta,  where  the  snow  was  a  maximum  of  about 
18  TO  20  INCHES  DEEP  AT  THE  WOODS  STATION.  THERE  WAS  CONSIDERABLY  LESS 
VARIATION  AT  THE  GROUND  SURFACE  IN  THE  FOREST,  HOWEVER,  WHERE  THE  SNOW 
WAS  MUCH  DEEPER,  THAN  IN  THE  OPEN,  WHERE  THE  SNOW  AVERAGED  ONLY  NINE 
INCHES  DEEP. 

BENSIN  (1951 >  1952)  AND  FiAMDAS  ( 1 957 )  DISCUSS  VARIOUS  MEANS  OF 
ARTIFICALLY  MODIFYING  THE  MICROCLIMATE,  BUT  HARRINGTON  ( 1 928,  P.  194) 
STATES  THAT  MAN  CAN  DO  LITTLE  TO  ENCOURAGE  AGRICULTURE  AND  PREVENT,  OR 
AT  LEAST  REDUCE,  SOIL  FREEZING  IN  WINTER.  An  EFFORT  CAN  BE  MADE  TO  IN¬ 
CREASE  THE  DEPTH  OF  SNOW,  TO  DARKEN  THE  COLOR  OF  THE  SOI Lj  ARRANGE  FOR 
PROPER  DRAINAGE,  PROVIDE  VEGETATION  TO  HOLD  SNOW,  AND  COMPACT  THE  SUR¬ 
FACE  OF  THE  SOIL  AND  THEREBY  ACCELERATE  WARMING  IN  THE  SPRING,  BUT  THE 
TOTAL  RESULTS  WILL  BE  RELATIVELY  SMALL.  ON  A  SMALL  SCALE,  HOWEVER,  MUCH 
CAN  BE  DONE  TO  STIMULATE  AGRICULTURE  BY  INCREASING  SNOW  IN  WINTER  AND 
PROVIDING  SOME  MEANS  FOR  REMOVING  IT  QUICKLY  IN  SPRING. 

Good  use  can  be  made  of  the  insulating  property  of  snow,  in  con¬ 
structing  SNOW  SHELTERS  OF  VARIOUS  SORTS.  TEMPERATURES  IN  A  SMALL  SNOW 
HOUSE  (HEIGHT  4  1/2  FEET,  FLOOR  DIAMETER  6  FEET)  CONSTRUCTED  BY  PILING 
SNOW  ON  AN  INFLATED  WEATHER  BALLOON,  REMAINED  ESSENTIALLY  CONSTANT  AT 
ABOUT  20  F  DURING  A  4-DAY  PERIOD  WHEN  AIR  TEMPERATURES  VARIED  FROM  A 
MAXIMUM  OF  -12  F  TO  A  MINIMUM  OF  -40  F.  THE  SHELTER  WAS  WARMED  ONLY  BY 
THE  BODY  HEAT  OF  ONE  OR  TWO  OCCUPANTS  OR,  AT  TIMES,  BY  A  SINGLE  CANDLE 

(Elsner  and  Pruitt,  1959)* 

Standard  deviations  of  daily  mean  temperatures  are  given  in  Table  XVII 
These  data  are  of  limited  value,  as  were  those  for  June  1956,  due  to  the 
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TABLE  XVII 

MONTHLY  MEAN  TEMPERATURES  (°F)  AND  STANDARD  DEVIATIONS 
OF  DAILY  MEAN  TEMPERATURES 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1956 


Station 


WOOOS 
Temp. 
S.  D. 


OPEN 
Temp. 
S.  D. 


Thermocouple  he i ght  (  cm) * 


-60 

-15 

0 

hi 

ss 

50 

100 

200 

Is 

22.0 

1 8.0 

15.6 

10.8 

11.9 

0.2 

-17.1 

-19.6 

-21.8 

-21 .9 

-22.0 

-22.2 

6.5 

4.8 

5.0 

5.8 

5.0 

9.0 

15.9 

17.6 

18.6 

18.8 

18.9 

18.P 

ss 

£ 

26.0 

S  r 

19.8 

n  r- 

16.3 

14.2 

5-5 

-7.1 

-20.4 

-24-5 

-24.2 

-23.6 

-23.5 

-23.4 

6.5 

8.5 

8.8 

0.6 

14.3 

13.0 

20.9 

20.1 

20.1 

20.0 

20.0 

19.8 

'At  THE  WOODS  STATION  THE  7.5  AND  25  CM  thermocouples  were  covered  with 
SNOW,  WHICH  AVERAGED  43.4  CM  DEEP.  AT  THE  OPEN  STATION  ONLY  THE  7*5  CM 
THERMOCOUPLE  WAS  COVERED  WITH  SNOW,  WHICH  AVERAGED  22.1  CM  DEEP. 


LIMITED  NUMBER  OF  CASES.  THEY  DO  OFFER,  HOWEVER,  SOME  MEANS  OF  COMPARING 
THE  TEMPERATURE  VARIABILITY  AT  THE  STATIONS. 

Standard  deviations  are  smallest  for  temperatures  of  the  soil  and 

SNOW  (WHERE  TEMPERATURE  FLUCTUATIONS  AND  RANGES  ARE  SMALLEST),  THOSE  FOR 
THE  SNOW  SURFACE  AND  AIR  BEING  2  OR  3  TIMES  AS  LARGE.  At  THE  WOODS  STA¬ 
TION,  STANDARD  DEVIATIONS  RANGED  FROM  4.8  F  DEG.  (THE  SMALLEST  VALUE  FOR 
EITHER  STATION)  AT  -30  CM  TO  5-0  F  DEG.  AT  0  CM.  At  THE  OPEN  STATION, 
VALUES  VARIED  FROM  0*5  F  DEG.  AT  -60  CM  TO  l4-3  F  DEG.  AT  0  CM.  THE 
SUDDEN  INCREASE  IN  STANDARD  DEVIATIONS  FROM  -2-5  CM  TO  0  CM  IN  THE  OPEN 
BUT  NOT  IN  THE  FOREST,  MAY  BE  ATTRIBUTED  TO  THE  LESSER  DEPTH  OF  SNOW  AT 
THE  OPEN  STATION.  At  THE  WOODS  STATION,  the  trees,  the  DEEP  snow,  and 
THE  DUFF  REDUCED  TO  A  MINIMUM  THE  RESPONSE  OF  THE  SOIL  TO  FLUCTUATIONS 
OF  AIR  TEMPERATURES. 

The  STANDARD  DEVIATIONS  OF  AIR  TEMPERATURES  (50  CM  AND  ABOVE  IN  THE 

F0REfI,r.2^  CM  AND  AB0VE  IN  THE  0PEN)  ARE  ftUi,E  large:  between  18  F  deg. 

AND  19  F  DEG.  AT  THE  WOODS  STATION  AND  FROM  1 9 .8  F  DEG.  TO  20-9  F  DEG. 

(THE  LARGEST  VALUE)  AT  THE  SNOW  SURFACE  AT  THE  OPEN  STATION.  In  THE 
FOREST,  THE  LOWEST  MEAN  MONTHLY  TEMPERATURES  AND  GREATEST  STANDARD  DEVIA¬ 
TIONS  OCCURRED  AT  200  CM  AND  400  CM.  |N  CONTRAST,  IN  THE  OPEty  THE  LARGEST 
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STANDARD  DEVIATIONS  OCCURRED  AT  THE  SNOW  SURFACE,  ALTHOUGH  LOWEST  TEMPERA¬ 
TURE  WAS  THAT  OF  THE  AIR  3  CM  ABOVE. 

This  difference  between  WOODS  and  OPEN  stations  was  caused  by  the 

DAY  i  1  ME  INSOLATION  AND  THE  LARGER  NOCTURNAL  RADIATION  IN  THE  OPEN,  WHICH 
WERE  RESPONSIBLE  FOR  GREAT  DIURNAL  RANGES  AS  WELL  AS  LARGE  I NTERD I URNAL 
VARIABILITY  OF  TEMPERATURE  AT  THE  SNOW  SURFACE.  AT  THE  WOODS  STATION, 

THE  SPRUCE  TREES  CUT  SOLAR  RADIATION  TO  VALUES  TOO  SMALL  TO  MEASURE  AND 
SUBSTANTIALLY  REDUCED  NET,  OUTGOING  NOCTURNAL  RADIATION  FROM  THE  SNOW. 

According  to  Brunt  (1946),  the  locus  of  effective  absorption  of  insolation 

AND  EMISSION  OF  RADIATION,  IS  NOT  A  SURFACE  BUT  IN  GENERAL  IS  A  I  AYER  OF 
DCP.ll  NEAR  THE  CROWNS  OF  THE  TREES  OF  A  FOREST,  AND,  THEREFORE,  THE  LOWEST 
TEMPERATURES  ANO  LARGEST  VARIATIONS  IN  TEMPERATURE  SHOULD  BE  EXPECTED 
AND,  INDEED,  ARE  FOUND,  AT  THE  HIGHER  LEVELS  (200  CM  AND  400  Cm)  AT  THE 
WOODS  STATION. 

(6)  Temperature  frequencies  and  durations 

Relative  and  cumulative  frequencies  of  hourly  tempera¬ 
tures  are  shown  in  Figures  43  and  44. 

The  same  features  are  illustrated  by  Figures  43  and  44  as  were  re¬ 
vealed  BY  MEAN  TEMPERATURE  DATA.  THE  GREATEST  DIFFERENCES  BETWEEN  THE 
STATIONS  OCCURRED  IN  THE  SNOW  COVER.  THE  NEXT  LARGEST  DIFFERENCES  WERE 
IN  THE  SOIL,  AND  SMALLEST  WERE  IN  THE  AIR. 

Durations  of  temperatures  at  or  below  certain  thresholds  (32  F, 

0  F,  -25  F  AND  -40  F)  ARE  GIVEN  IN  TABLES  XVIII  AND  XIX,  AND  THE  NUMBER 
OF  DAYS  AND  NUMBER  OF  CONSECUTIVE  DAYS  WITH  MAXIMUM  OR  MINIMUM  TEMPERA¬ 
TURES  ABOVE  OR  BELOW  THESE  THRESHOLDS  ARE  GIVEN  IN  TABLES  XX  AND  XXI. 

It  HAS  ALREADY  BEEN  SHOWN  THAT  TEMPERATURES  AT  AND  NEAR  THE  GROUND 
SURFACE  WERE  MUCH  COLDER  IN  THE  OPEN  THAN  IN  THE  FOREST  DURING  PERIODS 
OF  EXTREMELY  LOW  TEMPERATURES  (-25  F  AND  -40  F) .  FROM  THE  DATA  INCLUDED 
IN  THESE  TABLES,  IT  IS  READILY  SEEN  THAT  THE  25  CM,  7.5  CM  AND  0  CM  LEVELS 
WERE  MUCH  COLDER  AT  THE  OPEN  STATION  THAN  AT  THE  WOODS  STATION.  |N  STUDY¬ 
ING  THESE  DATA  THE  DIFFERENCES  IN  NUMBER  OF  TOTAL  OBSERVATIONS  (WOODS, 

739;  OPEN,  718  (655  AT  '60  Clj)  MUST  BE  CONSIDERED.  THE  MISSING  DATA  FOR 
THE  -60  CM  LEVEL  AT  THE  OPEN  STATION  WERE  NOT  A.  SERIOUS  LOSS,  SINCE  EXAM¬ 
INATION  OF  HOURLY  VALUES  REVEALS  THAT  TEMPERATURES  AT  THIS  DEPTH  MUST 
HAVE  BEEN  HIGHER  THAN  0  F  AND  LOWER  THAN  32  F  DURING  THE  MISSING  HOURS 
AT  BOTH  STATIONS.  AT  THE  OTHER  LEVELS,  THE  MISSING  HOURS  OF  DATA  WERE 
FOR  THE  PERIODS  2100,  DECEMBER  20,  THROUGH  0100,  DECEMBER  21,  AT  THE  WOODS 
STATION,  AND  0900,  DECEMBER  19,  THROUGH  1000,  DECEMBER  20,  AT  THE  OPEN 
STATION. 

A  STUDY  OF  THE  TEMPERATURE  DATA  FOR  THE  CAA  STATION  FOR  THE  MISSING 
HOURS  AT  THE  OPEN  STATION  SHOWED  THAT  THERE  WAS  PRACTICALLY  NO  FLUCTUATION, 
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TABLE  XVIII 

NUMBER  OF  HOURS  AT  OR  BELCW  SELECTED  TEMPERATURES* 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1956 


Station  Thermocouple  height  (cm) 


0 

7.5  22.1** 

§5.  43.4*** 

50  100  200  4oo 

32  F  OR 

COLDER 

WOODS 

$ 

739  739 

739  739  739  „ 

739  739 

739  73?  739  739 
717  71*  713  715 

OPEN 

718  (i8 

718  718  718  718 

718 

r\  r*  n 

r  \jR 

COLDER 

WOODS 

0 

0 

0 

0 

0 

386 

61 4  633 

632  633  633  633 
613  612  611  61 4 

OPEN 

0 

0 

0 

0 

348  516  585 

615 

-25  F  or 

COLDER 

WOODS 

V 

0 

0 

0 

0 

0 

0 

285  308 

364  365  365  367 
405  393  390  386 

OPEN 

0 

0 

0 

0 

0 

90  359 

4o6 

-4o  F  OR 

COLDER 

WOODS 

OPEN 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  126 

0  80 

162 

134  135  135  139 
157  152  149  145 

^Total 

observations: 

WOODS  STATION,  739 

(•  nor**  «<p • 

’,  7'°  ( “60  CM, 

655).  At  both  stations  missinc  data  are  for  December  19th  and  20th 
(also  Decmeber  11th  and  12th  AT  -60  CM  AT  THE  OPEN  station). 

'Snow  depth,  OPEN  station. 

Snow  depth,  WOODS  station. 
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GREATEST  NUMBER 


TABLE  XIX 

Of  CONSECUTIVE  HOURS  AT  OR  BELCW  SELECTED  TEMPERATURES* 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  195& 


Thermocouple  height  (cm) 


-6o  -30  ^  0  1^22^1**  25  4j.4*«* 

^2  F  OR  COLDER 


WOODS 

OPEN 

739  739  739 

645  718  7’b 

739 

718 

739  739 
718  718 

718 

739 

718 

739 

WOODS 

0 

0 

0 

0 

0 

0  ?27 

F  OR 

COLDER 

487 

496 

OPEN 

0 

0 

0 

0 

287  444 

46o 

475 

WOODS 

0 

0 

0 

0 

& 

0  0 

F  OR 

COLDER 

165 

169 

OPEN 

0 

0 

0 

0 

0  61 

98 

149 

WOODS 

<j 

0 

0 

0 

-4o  F  OR 

0  0 

COLDER 

0 

62 

OPEN 

0 

0 

0 

0 

0  0 

55 

63 

52. 122  ?22  !l22 


B  B  B  B 


496  496  496  496 
475  474  473  475 


170  169  169  170 

173  i73  173  i73 


61  60  60  61 
63  62  62  62 


♦Total  observations:  WOODS  station,  739;  OPEN  station,  718 
655).  At  both  stations  missino  data  are  for  December  19th  and  20th 
(Also  December  11th  and  12th  at  -60  cm  at  the  OPEN  station). 


‘Snow  depth,  OPEN  station. 
Snow  depth,  WOODS  station. 
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TABLE  XX 

NUMBER  OF'  DAYS  WITH  MAXIMUM  TEMPERATURES  AT  OR  BELOW  AND  MINIMUM  TEMPERATURES 

AT  OR  ABOVE  SELCCTED  VALUES* 

WOOOS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1956 


Station 


Thermocouple  height  (cm) 


1^2.  dl  -2-5  0  jvj  22.i** 


2£  43.4***  50  100  200  400 


3 LI 


WOODS 

Tmax  31  31 

Tm in  00 
OPEN 

Tmax  29  31 

Tm i n  9  3 


31  31  31  31 

0  0  0  0 

31  31  31  31 

1  000 


3i  31 

0  0 

3i  3i 

0  0 


3i  3i  3i  3i 

0000 

30  30  29  29 
0000 


0 J_ 


WOODS 


Tmax 

0 

0 

0 

0 

0 

ii 

23 

24 

24 

24 

24 

24 

TMI  N 
OPEN 

31 

31 

31 

31 

3‘ 

11 

4 

2 

2 

2 

0 

k. 

2 

Tmax 

0 

0 

0 

0 

13 

18  23 

25 

24 

24 

24 

24 

Tmin 

31 

31 

31 

31 

15 

6  4 

2 

2 

2 

2 

2 

WOODS 


Tmax 

0 

0 

0 

0 

0 

0 

8 

10 

11 

10 

10 

10 

Tmi  n 
OPEN 

T1 

31 

31 

31 

3i 

31 

13 

i4 

10 

9 

9 

8 

Tmax 

0 

0 

0 

0 

Q 

1 

9 

11 

11 

10 

10 

10 

Tmi  n 

31 

31 

31 

3i 

311 

26 

9 

8 

8 

8 

8 

8 

-4o  F 


WOODS 


Tmax 

0 

0 

0 

0 

0 

0 

0 

2 

3 

3 

3 

3 

Tmin 

3> 

31 

31 

31 

31 

3i 

31 

25 

21 

21 

21 

21 

OPEN 

4 

Tmax 

0 

0 

0 

0 

0 

0  3 

4 

O 

J 

3 

3 

Tmin 

31 

31 

31 

31 

31 

31  21 

19 

1  r> 
’7 

19 

20 

21 

*Total 

FULL  1 

DAYS  ' 

OBSERVATIONS 

:  WOODS 

STATION, 

3°; 

OPEN  STATION, 

ON 

C\J 

(27 

>  wn  -wv  vpi;  • 

*§now  DEPTH,  OPEN  STATION. 
*§NOW  DEPTH,  WOODS  STATION. 
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TABLE  XXI 

GREATEST  NUMBER  OF  CONSECUTIVE  DAYS  WITH  MAXIMUM  TEMPERATURES  AT  OR  BELOW 
AND  MINIMUM  TEMPERATURES  AT  OR  ABOVE  SELECTED  VALUES* 

WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1956 


Station  Thermocouple  height  (cm) 


-60  -30  -15 

-2_£ 

0 

hi 

22.1** 

3 LI 

2£  43.4**» 

50  100  200  4oo 

WOODS 

Tmax 

31 

3i 

3i 

31 

31 

31 

31 

31 

31 

31 

31 

31 

Tmi  n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

OPEN 

Tmax 

29 

3i 

3i 

31 

31 

31 

31 

31 

29 

29 

29 

29 

Tmi  n 

9 

3 

1 

0 

0 

0 

0 

0  F 

0 

0 

0 

0 

0 

WOODS 

Tmax 

0 

0 

0 

0 

0 

9 

19 

20 

20 

20 

20 

20 

Tmi  n 

3i 

3i 

31 

31 

31 

c; 

J 

3 

2 

2 

2 

2 

2 

OPEN 

Tmax 

0 

0 

0 

0 

8 

18 

19 

20 

20 

20 

20 

20 

Tmin 

3i 

3i 

31 

31 

10 

3 

3 

£5lL 

2 

2 

2 

2 

2 

WOODS 

Tmax 

0 

0 

0 

0 

0 

0 

6 

6 

6 

6 

6 

6 

Tmin 

3i 

3i 

31 

31 

31 

31 

8 

8 

4 

4 

4 

4 

OPEN 

Tmax 

0 

0 

0 

0 

0 

1 

4 

6 

6 

6 

6 

6 

Tmin 

31 

31 

31 

31 

31 

15 

5 

-4o  F 

4 

4 

4 

4 

4 

WOODS 

Tmax 

0 

0 

0 

0 

0 

0 

0 

2 

2 

2 

2 

2 

Tmin 

3i 

3i 

31 

31 

31 

3i 

3i 

13 

8 

8 

8 

8 

OPEN 

Tmax 

0 

0 

0 

0 

0 

0 

2 

2 

2 

2 

2 

z 

Tmin 

31 

31 

31 

31 

31 

3i 

8 

8 

8 

8 

8 

8 

♦Total  full  days'  observations:  WOODS  station,  30/  OPEN  station,  29  (27 
for  -60  cm). 

*§gow  OEPTH,  OPEN  station. 

Snow  depth,  WOODS  station. 
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TEMPERATURES  REMAINING  ALMOST  CONSTANT,  THE  HICHEST  BEING  -1 4  F  AND  THE 
lowest,  -17  r.  Examination  of  the  data  for  the  microclimatic  stations 

SHOWS  A  SIMILAR  LACK  OF  VARIATION,  AND,  FURTHER,  TEMPERATURES,  EXCEPT  FOR 
0  CM  IN  THE  OPEN,  'WERE  NOT  CLOSE  TO  THE  SELECTED  THRESHOLD  VALUES  AT  ANY 
LEVEL.  AT  0  CM,  AT  THE  OPEN  STATION,  TEMPERATURES  ROSE  FROM  -6  F  ( AT 

0800,  December  19)  to  1  F  (1100,  December  20)  and  it  was  necessary  to 

ESTIMATE  THE  HOUR  (0^00,  DECEMBER  20)  WHEN  THE  TEMPERATURE  ROSE  ABOVE  0  F, 
TO  1  F.  IT  IS  BELIEVED,  THEREFORE,  THAT  DATA  FOR  ALL  OTHER  LEVELS  CAN 
BE  USED  WITH  A  HIGH  DEGREE  OF  CONFIDENCE,  AND  AT  0  CM  IN  THE  OPEN,  THE 
ERROR  FOR  THE  0  F  VALUE  IS  PROBABLY  NOT  MORE  THAN  2  OR  3  HOURS. 


An  interesting  feature  occurred  at  the  snow  surface.  The  number  of 
HOURS  WITH  TEMPERATURES  AT  OR  BELOW  -2J)  F  AND  ”40  F  WAS  GREATER  AT  THE 
OPEN  STATION  THAN  AT  THE  WOODS  STATION.  THIS  WOULD  BE  EXPECTED  FROM  THE 
PREVIOUS  COMPARISONS  OF  TEMPERATURE.  THE  NUMBER  OF  CONSECUTIVE  HOURS 
WITH  TEMPERATURES  AT  OR  BELOW  THESE  VALUES,  HOWEVER,  WAS  LARGER  AT  THE 

WOODS  station.  This  may  be  explained  by  solar  radiation,  which,  striking 
THE  SNOW  SURFACE  DIRECTLY  AT  THE  OPEN  STATION  ( ON  THE  0  CM  THERMOCOUPLE) 
HEATED  THIS  SURFACE  DURING  THE  DAY,  IN  SPITE  OF  THE  GREATER  RATE  OF  COOL¬ 
ING  BY  EVAPORATION,  CONDUCTION,  AND  LONGWAVE  RADIATION  IN  THE  OPEN, 
THEREBY  DECREASING  THE  NUMBER  OF  CONSECUTIVE  HOURS  HAVING  LOW  TEMPERA¬ 
TURES. 


(7)  Cumulated  tfmpfpatijres 

Cumulated  temperatures  computed  by  using  daily  mean 

TEMPERATURES  AND  THE  THPESMpLD  VALUES  DISCUSSED  ABOVE  ARE  SHOWN  IN  TABLE 

XXII.  These  data  show  cumulations  at  the  OPEN  station  generally  lower 
THAN  THOSE  OF  THE  WOODS  STATION,  ESPECIALLY  FOR  THE  -25  F  AND  -40  F 
thresholds  in  the  snow  and  air.  Exceptions  occurred,  however,  as  in  the 

CUMULATED  TEMPERATURES  FOR  THE  0  F  THRESHOLD  VALUE  AT  THE  SNOW  SURFACE. 

For  the  forest,  this  figure  is  52  F  deg.  and  for  the  open,  F  deg. 

The  higher  cumulations  at  the  OPEN  station  is  due  to  surface  heating  dur¬ 
ing  hours  of  insolation. 

(8)  Degree  days 

Degree  days  are  a  measure  of  coldness,  and,  together 

WITH  TEMPERATURE  FREQUENCIES  AND  DURATIONS,  AND  CUMULATED  TEMPERATURES, 
THEY  PROVIDE  ANOTHER  BASIS  OF  COMPARISON  OF  TEMPERATURE  CONDITIONS  AT  THE 
MICROCLIMATIC  STATIONS.  THE  VALUES  SHOWN  IN  TABLE  XXIII  WERE  COMPUTED 
BY  USING  DAILY  MEAN  TEMPERATURES  AND  THE  COMMONLY  ACCEPJED  BASE  OF  65  F. 

Degree  days  are  used  to  determine  heating  requirements  even  though  their 

COMPUTATION  IS  BASED  ON  THE  AIR  TEMPERATURE  ALONE,  DESPITE  THE  EFFECTS  OF 
SFVERAL  OTHER  FACTORS.  DEGREE  DAYS  WERE  COMPUTED  TOR  THE  50  CM,  100  CM, 
200  CM  AND  400  CM  LEVELS  IN  THE  AIR. 


Ill 


TABLE  XXII 

CUMULATED  TEMPERATURES  (F°)  ABOVE  32  0  F,  -25  F  AND  -40  F  BASES* 

WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1 95^ 


Station 


Thermocouple  height  (cm) 


160  £32.  di  -2-5  o  2^5. 22.1**  il  43.4»*»  50  100  200  4oo 

32  F 


WOODS 

OPEN 

00000 

2  0  0  0  0 

0 

0  0 

0 

0 

0 

0000 
0  0  0-0 

0  F 

WOODS 

OPEN 

700  58O  482  335  369 
699  581  479  4i6  267 

116 

86  71 

53 

50 

52 

52  52  52  53 
5i  53  53  52 

£LZ 

WOODS 

OPEN 

1457  1356  1253  1110  1113 
i4i6  1306  1204  ii4i  890 

782 

530  285 

1!? 

311 

251  247  248  24p 
215  224  224  262 

-4o  F 

WOODS 

OPEN 

1666  1820  1722  1575  1609  1246 

1780  1741  1639  1576  1323  955  597 

708 

496 

639 

593  587  574  583 
530  510  519  520 

*  Computations  based  on  daily  mean  values.  All  values  rounded  to  whole 
numbers. 

**  Snow  depth,  OPEN  station. 

***  Snow  depth,  WOODS  Statiun. 


TABLE  XX III 

DEGREE  DAYS  (65  F  BASE) 

WOODS  AND  OPEN  MICRXLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1956 


Station  Thermocouple  heioht  (cm) 


50 

100 

200 

4oo 

WOODS  (Dec.  I-31) 

2,690.6 

2,611.8 

2,696.6 

2,703.9 

WOODS  (Dec.  1-18,  21-31) 
OPEN  (Dec.  1-1 8,  21 -31 ) 

km 

2,443.9 

2,569.2 

2,535*4 

2,565.0 
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Values  given  in  Table  XXIII  show  that  differences  between  the  stations, 

AT  COMPARABLE  LEVELS,  WERE  QUITE  SMALL.  THIS  IS  ESPECIALLY  TRUE  WHEN  THE 
TWO  MISSING  DAYS  AT  THE  OPEN  STATION  ARE  TAKEN  INTO  CONSIDERATION.  THESE 

two  days,  December  19  and  20,  occurred  during  the  coldest  time  of  the 
month.  When  the  degree  day  values  for  December  19  and  20  are  omitted  for 
the  WOODS  station  in  the  totals  for  the  month,  the  OPEN  station  is  then 
somewhat  colder,  conforming  with  results  shown  by  other  computations. 

(9)  Effects  of  weather 

In  winter,  the  wind,  clouds,  and  precipitation  raise 
temperatures.  A  cloud  cover  reduces  net  nocturnal  radiation.  This  re¬ 
duction  IS,  HOWEVER,  OFFSET  BY  THE  LOSS  OF  MOST  OF  THE  INSOLATION,  BUT 
SINCE  THIS  IS  WEAK  AND  OF  SHORT  DURATION  (DAYS  SHORT)  THE  NET  EFFECT  IS 
A  RISE  IN  TEMPERATURE.  WiND  IS  OF  EQUAL,  AND  PERHAPS  GREATER,  IMPORTANCE 
IN  CAUSING  HIGH  TEMPERATURES  AT  BlG  DELTA.  WHEN  FROM  THE  SOUTH,  WINDS 
ARE  FORCED  TO  RISE  OVER  AND  THEN  DESCEND  THE  HIGH  MOUNTAINS  OF  THE  ALASKA 

Range.  These  winds  are  fShns  and,  therefore,  upon  reaching  Big  Delta 

THEY  CAUSE  RAPID  AND  LARGE  INCREASES  IN  TEMPERATURES. 

Winds  from  the  east  and  southeast  blow  when  there  is  a  high  pressure 

TO  THE  EAST  AND,  THEREFORE,  A  WESTWARD  PRESSURE  GRADIENT  IN  THE  TaNANA 

Valley.  A  wi no-channeling  effect  near  Big  Delta  makes  these  winds  very 
strong  (Mitchell,  1955»  Evans,  1957)*  They,  and  the  fBhns  from  the  south, 
which  are  also  quite  strong,  as  well  as  being  warm  and  dry,  destroy  the 
winter  inversion  in  the  area  and  frequently  raise  the  surface  tempera¬ 
tures  to  above  freezing.  These  winds  are  responsible  for  temperatures 
at  Big  Delta  being  substantially  higher  than  those  at  Fairbanks,  which 
is  at  almost  the  same  latitude  but  farther  west  and  is  not  influenced 

BY  THE  WINDS  REACHING  THE  BlG  DELTA  AREA. 

Data  for  December  27  may  be  used  to  illustrate  the  effects  of  wind. 

At  l4oo  the  air  temperature  at  the  OPEN  station  was  -22  F  and  the  air  was 
calm.  At  1700,  the  wind  was  southeast,  7  mph,  and  the  temperature,  5 

A  RISE  of  27  F  DEG.  AT  1900,  THE  WIND  HAD  INCREASED  TO  13  MPH  AND  THE 
TEMPERATURE  HAD  RISEN  TO  10  F.  IN  THE  SHORT  INTERVAL  OF  FIVE  HOURS, 
THEREFORE,  THERE  WAS  AN  INCREASE  IN  TEMPERATURE  OF  32  F  OEG.  IN  THE 
FOREST,  IN  THE  SAME  FIVE  HOURS,  THE  WIND  REACHED  5  MPH  AND  THE  TEMPERA¬ 
TURE  ROSE  30  F  DEG.,  FROM  -19  F  TO  11  F.  THE  INCREASE  IN  WIND  AND  TEM¬ 
PERATURE  WAS  ACCOMPANIED  BY  AN  INCREASE  IN  SKY  COVER.  THERE  WERE  NO 
CLOUDS  DURING  THE  MORNING  OF  DECEMBER  27,  BUT  A  HIGH  OVERCAST  DEVELOPED 
BY  l400  AND  THE  CEILING  LOWERED  TO  6,000  FEET  BY  1900.  THERE  WAS  NO 
PRECIPITATION. 

(10'  Globe  thermometer  temperatures 

Continuous  measurements  of  temperatures  of  a  black 

GLOBE  WERE  NOT  MADE  DURING  WINTER  BECAUSE  THE  THERMOCOUPLE  USED  FOR  MAKING 
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these  measurements  in  summer  was  placed,  instead,  at  the  snow  surface. 
Readings  of  a  standard  alcohol  thermometer  were  made  daily  at  0815, 

1315,  and  1630,  except  on  weekends  and  holidays.  The  daily  means  of  the 
three  observations  at  the  WOODS  and  OPEN  stations  for  20  days  of  Decem¬ 
ber  are  shown  in  Figure  . 

Differences  between  the  globe  temperatures  at  the  stations  were 

SMALL  COMPARED  WITH  THOSE  IN  JUNE.  IN  WINTER,  SOLAR  RADIATION  IS  WEAK 
AND  OF  SHORT  DURATION  AND  THE  STRONGER  WINDS  AT  THE  OPEN  STATION  MINI¬ 
MIZED  THE  EFFECTIVENESS  OF  THE  HEATING.  TABLE  XXIV  SHOWS  MONTHLY  MEAN 
TEMPERATURES  FOR  EACH  OF  THE  THREE  HOURS  OF  OBSERVATION  AND  ALSO  MONTHLY 
MEAN  VALUES  OF  ALL  THREE  TOGETHER.  IN  ALL  INSTANCES,  THE  DIFFERENCES 
BETWEEN  STATIONS  ARE  LESS  THAN  1  F  DEG.  GLOBE  TEMPERATURES  AT  THE  OPEN 
STATION  WERE  SLIGHTLY  HIGHER  THAN  THOSE  AT  THE  WOODS  STATION,  APPARENTLY 
DUE  TO  A  SLIGHT  NET  SOLAR  HEATING  IN  THE  OPEN  AS  AGAINST  NONE  ( NO  MEASUR¬ 
ABLE  RADIATION)  IN  THE  FOREST. 

The  differences  between  globf  temperatures  and  air  temperatures 

AT  EACH  OF  THE  STATIONS  ARE  GREATER  THAN  THE  DIFFERENCES  BETWEEN  GLOBE 


TABLE  XXIV 

MEAN  HOURLY  AND  MEAN  MONTHLY  GLOBE  AND  AIR  TEMPERATURES  (°F)  AT  200  CM* 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
December  1956 


Station 

Hour  of  the  day 

Mean  monthly 

1315 

1630 

WOODS 

G.T. 

Tair 

-17.6 

-22.7 

-i4.6 

-20.1 

-16.5 

-21.5 

OPEN 

G.T. 

Tair 

-17.4 

-23-5 

-13-9 

-21.2 

-16.8 

-22.3 

-16.0 

-22-3 

♦Values  based  on  20  days'  observations,  three  observations  each  day. 
Globe  thermometer  and  thermocouple  200  cm  above  ground  surface,  about 
157  CM  ABOVE  SNOW  SURFACE  AT  WOODS  STATION  AND  ABOUT  I78  CM  ABOVE  SNOW 
SURFACE  AT  OPEN  STATION. 


TEMPERATURE  l*F) 


DAILY  MEAN  GLOBE  AND  200  CM  AIR  TEMPERATURES 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
DECEMBER  19S6 

DAY  OF  MONTH 


15  10  15  20  2  5  31 


Gl 


TEM 


TEMPERATURES  OF  THE  TWO  STATIONS.  TABLE  XXIV  SHOWS  THAT  MEAN  HOURLY  CLoftF, 
TEMPERATURES  FOR  THE  THREE  HOURS  WERE  ABOUT  5  F  DEG.  HIGHER  THAN  AIR  TEM¬ 
PERATURES  AT  THE  WOODS  STATION  AND  ABOUT  6  F  DEG.  OR  7  F  DEG.  HIGHER  AT 

THE  OPEN  STATION. 

From  Figure  45  the  differences  between  the  daily  mean  Globe  and  air 

TEMPERATURES  MAY  BE  OBTAINED.  IN  GENERAL,  THESE  DIFFERENCES  WERE  LEAST 
AT  THE  WOODS  STATION,  RANGING  FROM  A  MINIMUM  OF  LESS  THAN  1  F  DEG.  TO  A 
MAXIMUM  OF  11  F  DEG.,  AND  GREATEST  AT  THE  OPEN  STATION,  RANGING  FROM  LESS 
THAN  1  F  DEG.  TO  ’7  F  DEG.  IN  ADDITION,  IT  SHOULD  BE  NOTED  THAT  AIR  TEM¬ 
PERATURES  IN  THE  OPEN  WERE  ABOUT  1  F  DEG.  LOWER  THAN  IN  THE  FOREST,  SO 

THAT  IT  MUST  BE  ASSUMED  THAT  THE  GREATER  SOLAR  RADIATION  RECEIVED  AT  THE 
OPEN  STATION  RESULTED  If!  A  GREATER  HEATING  OF  THE  GLOBE  IN  SPITE  OF  THE 
LOWER  AIR  TEMPERATURES  AND  STRONGER  AVERAGE  WINDS. 

d.  Wind 

In  tHE  Subarctic  in  winter,  wind  plays  an  extremely  important, 

AND  OFTEN  CRITICAL,  ROLE.  THE  COMBINATION  OF  WIND  AND  LOW  TEMPERATURE 
CHILLS  THE  BOOY  FASTER  THAN  HEAT  CAN  BE  PRODUCED  WITHIN  THE  BODY  (ROBERTS, 

1953,  p.  4).  When  temperatures  are  frequently  very  low  this  chilling 

EFFECT,  MORE  COMMONLY  CALLED  WINDCHILL,  CAN  BE  EXTREMELY  DANGEROUS.  WlND- 

chill  (Court,  1948a)  or  dry  atmospheric  cooling  (Siple  and  Passel,  1945; 
Falkowski  and  Hastings,  1958)  applies,  in  a  sense,  not  only  to  warmblooded 

ANIMALS,  BUT  ALSO  TO  ANY  RELATIVELY  WARM  OBJECT.  SlSSENWINE  ( 1 951 ,  PP. 

1-4)  DISCUSSES  THE  EFFECTS  OF  WINE  SPEED  ON  HEATING  REQUIREMENTS  IN  THE 

Arctic,  and  Urpahl  (1949)  states: 

"Since  wind  velocity  is  a  factor  very  definitely  influencing  the 
heat  loss  of  a  structure,  fuel  consumption  curves  may  well  follow  wind 

VELOCITY  CURVES  WITH  A  GREATER  DEGREE  OF  ACCURACY  THAN  THEY  DO  THE  DRY 
BULB  TEMPERATURE." 

This  statement  is  accurate  only  when  temperatures,  are  less  than  65  F. 

Wind  must  also  be  considered  in  the  design  of  equipment.  Strong 

WINDS  MAY  TEAR  AND  DAMAGE  TENTS,  AND  THE  COMBINED  EFFECTS  OF  WIND  SPEED 
AND  SNOW  LOADS  STRONGLY  INFLUENCE  THE  DESIGN  AND  CONSTRUCTION  OF  TEMPORARY 
SHELTERS  OTHER  THAN  TENTS  (SlSSENWINE  AND  COURT,  195°) •  MODERATELY  STRONG 
TO  STRONG  WINOS  WILL  ADVERSELY  AFFECT  OUTDOOR  ACTIVITIES  AND  OPERATIONS 
THROUGH  BLOWING  SNOW,  BY  REDUCING  VISIBILITIES,  INCREASING  COOLING  POWER 
(for  EXPOSED  skin),  AND  AFFECTING  BREATHING. 

Walsh  (1954,  p*  2),  FR0M  investigations  conducted  on  the  Greenland 
Icecap,  found  that  most  cases  of  blowing  snow  occurred  when  wind  speeds 
were  20  mph  or  greater.  He  found  that  on  the  Icecap  blowing  snow  occurred 
at  least  85  percent  of  the  time  when  the  wind  speed  was  grfater  than  20 


MPH,  50  PERCENT  OF  THE  TIME  WHCN  THE  WIND  SPEED  WAS  BETWEEN  15  AND  20  MPH, 
AND  ONLY  15  PERCENT  OF  THE  TIME  WHEN  THE  WIND  SPEED  WAS  LESS  THAN  \rJ  MPH. 

Blowing  snow  not  only  restricts  visibility,  but  also  forms  drifts  which 

IMPEDE  TRAVEL,  AND  THE  SNOW  FILTERS  THROUGH  SMALL  OPENINGS  IN  INSTRUMENTS 
AND  EQUIPMENT,  CLOGGING  MECHANICAL  PARTS  AND  CAUSING  SHORT  CIRCUITS  IN 
ELECTRICAL  APPARATUS. 

Wind,  therefore,  is  most  critical  to  human  activities,  in  relation 

TO  OTHER  CLIMATIC  ELEMENTS,  DURING  THE  SUBARCTIC  AND  ARCTIC  WINTER.  ITS 
IMPORTANCE  IS  COMPOUNDED  WHEN  THE  EXTREME  COLD  IS  ALSO  CONSIDERED.  IN 
ASSESSING  THE  UNFAVORABLE  ASPECTS  OF  THE  CANADIAN  CLIMATE,  BOUGHNER  AND 

Thomas  (1956,  p«  *0  consider  January  windchill  and  the  darkness  as  the 

MOST  IMPORTANT  FACTORS.  IT  IS  NECESSARY  TO  KNOW,  THEREFORE,  THE  DIFFER¬ 
ENCES  BETWEEN  WIND  SPEEDS  MEASURED  AT  OFFICIAL  WEATHER  STATIONS,  USUALLY 
LOCATED  IN  OPEN,  EXPOSED  AREAS  (WHERE  ANEMOMETERS  ARE  EXPOSED  SOME  DIS¬ 
TANCE  ABOVE  THE  GROUND*,  OFTEN  ON  THE  TOPS  OF  BUILDINGS),  AND  THOSE  RE¬ 
CORDED  IN  THE  MICROCLIMATIC  LAYER  CLOSE  TO  THE  GROUND  OR  IN  SHELTERED 
AREAS,  SUCH  AS  THE  CONIFEROUS  FORESTS  OF  THE  NORTHERN  REGIONS.  THIS 
KNOWLEDGE  CAN  BE  USED  TO  SELECT  OPTIMUM  LOCATIONS  FOR  BUILDINGS,  AND  CAN 
ALSO  BE  USED  BY  PERSONS  LIVING  AND  WORKING  OUTDOORS,  TO  REDUCE  STRESS  IM¬ 
POSED  BY  WINDCHILL. 

(1 )  Mean  hourly  and  daily  mean  wind  speeds 

Mean  hourly  and  daily  mean  wind  speeds  are  shown  in 

Figure  46. 

Figure  46  shows  that  in  the  open  strongest  winds  occurred  at  200  cm 

BUT  IN  THE  FOREST,  AS  DURING  SUMMER,  MEAN  HOURLY,  AND  IN  MOST  INSTANCES, 
DAILY  MEAN,  WIN0  SPEEOS  WERE  GREATER  AT  30  CM  RATHER  THAN  AT  200  CM.  A 
DIURNAL  VARIATION  IS  NOTED,  WITH  STRONGEST  WINDS  OCCURRING  NEAR  AND  AFTER 
NOON  BEING  THE  USUAL  CONVECTIVE  TYPE.  THIS  VARIATION  IS,  NATURALLY,  LESS 
PRONOUNCED  IN  THE  FOREST  THAN  IN  THE  OPEN. 

Mean  hourly  wind  speeds  at  200  cm  ranged  from  1/2  to  1  mph  at  the 
WOODS  STATION  TO  2  TO  3  MPH  AT  THE  OPEN  STATION.  AT  30  CM,  MEAN  HOURLY 
WIND  SPEEDS  RANGED  FROM  0«7  TO  1.1  MPH  AT  THE  WOODS  STATION  AND  FROM  1.2 
TO  2.4  MPH  AT  THE  OPEN.  DAILY  MEAN  WIND  SPEEDS  CHANGED  GREATLY  FROM  DAY 
TO  DAY.  ON  THE  WINDIEST  DAYS,  SPEEDS  AT  200  CM  IN  THE  OPEN  WERE  ABOUT 
8  MPH  WHILE  THOSE  IN  THC  FOREST  WERE  ONLY  3  l/2  MPH. 

Winds  were  stronger  during  December  than  in  June,  and  the  effects 

OF  THE  FOREST  IN  REDUCING  WIND  SPEEDS  WAS  MORE  APPARENT.  To  ILLUSTRATE 
THE  INFLUENCE  OF  THE  DENSE  SPRUCE  WOODS  OF  THE  NORTH,  DATA  ARE  GIVEN  IN 


♦Standard  height  is  10  meters. 
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MEAN  HOURLY  AND  DAILY  MEAN  WIND  SPEEDS 
30  CM  AND  200  CM  ABOVE  SNOW  SURFACE 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA.  ALASKA 
DECEMBER,  1956 


(l«tu)  a33dS  dNIM 


(*«-)  Qlldt  ONIM 
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DAY  OF  MONTH 


Table  XXV  which  show  wind  speeds  on  December  28,  one  of  the  windiest  days, 
at  the  microclimatic  stations  and,  for  comparison,  at  the  CAA  station. 

The  anemometer  at  the  CAA  station  is  significantly  higher  (about  10  felt) 

ABOVE  THE  GROUND  SURFACE,  AND  IS  MORE  OPENLY  EXPOSED,  THAN  WERE  THE  ANE¬ 
MOMETERS  AT  THE  MICROCLIMATIC  STATIONS.  THIS  EXPLAINS  THE  RECORDING  OF 
STRONGER  WINDS  AT  THE  CAA  STATION. 

Table  XXV  shows  that  winds  were  usually  only  half  as  fast,  and  at 

TIMES,  ONLY  ONE -FIFTH  AS  FAST,  IN  THE  FOREST  AS  WINDS  AT  THE  SAME  LEVEL 
IN  THE  OPEN.  TiiE  PREVAILING  DIRECTION  DURING  THE  DAY  AT  ALL  THREE  STA- 
llONS,  AND  AT  ALL  LtVELS,  WAS  EASTERLY,  EITHER  EAST  OR  SOUTHEAST.!  THIS 
IS  TYPICAL  OF  MOST  STRONG  WINDS  THAT  BLOW  IN  THE  AREA.  THE  WOODS  STATION 
WAS  NEAREST  THE  EASTERN  EDGE  OT  THE  FOREST  AND  WOULD  BE  MORE  INFLUENCED 
BY  WINDS  FROM  THE  EAST  THAN  FROM  ANY  OTHER  DIRECTION. 

(2)  Frequencies  of  wind  speeds 


The  relative  and  cumulative  frequencies  of  wind  speeds 

MEASURED  AT  THE  STATIONS  ARE  SHOWN  GRAPHICALLY  IN  FIGURE  47* 

Figure  47  shows  clearly  the  great  differences  in  wind  speeds  between 

THE  FOREST  AND  OPEN.  At  200  CM  ESPECIALLY,  THE  PERCENTAGE  OF  HOURS  WITH 


TABLE  XXV 

WIND  SPEEDS  (MPH)  ON  DECEMBER  28,  1956 
CAA  WEATHER  STATION,  AND  WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 

BIG  DELTA,  ALASKA 


Station 

Hour 

OF  THE  DAY 

21 

22. 

21 

21 

2! 

11 

11 

11 

11 

12 

21 

21 

Prev. 

DIR. 

CAA 

5  M. 

18 

19 

20 

20 

16 

20 

18 

15 

8 

10 

12 

13 

E,  SE 

WOODS 

200  CM 

M 

M 

M 

M 

5 

4 

3 

c 

1 . 

2 

C 

2 

SE 

30  CM 

5 

6 

5 

5 

4 

3 

3 

1 

2 

4 

1 

3 

E 

OPEN 

200  cm 

11 

10 

8 

12 

9 

10 

8 

6 

5 

10 

3 

6 

E,  SE 

30  CM 

5 

3 

6 

7 

8 

8 

9 

6 

7 

6 

6 

7 

E,  SE 

C  =  CALM. 

M  a  DATA  MISSING. 
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RELATIVE  AND  CUMULATIVE  FREQUENCIES  OF  WIND  SPEEDS 
30  CM  AND  200  CM  ABOVE  THE  SNOW  SURFACE 
WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA.  ALASKA 

DECEMBER  1956 


WIND  SPEED  (MPH)  WIND  SPEED  (MPH) 

*0 _ 20  50 _ «V  so  40  ?0  40  *C 

1  T  1  i — - 1  i - 1 - 1 - r 


. .  OPfN.  50 cm 

- - OPEN.  200c* 

- *0005.  SO 

-  *0005. 200c* 
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CALMS  AT  THE  WOODS  STATION  WAS  MORE  THAN  DOUBLE  THAT  AT  THE  OPEN  STATION 
(  I**  5  PERCENT  vs.  35.0  percent).  At  30  cm,  CALMS  WERE  MORE  FREQUENT  IN 
THE  FOREST,  BUT  BY  ONLY  A  SMALL  PERCENTAGE,  6  PERCENT.  THE  GREATER  FRE¬ 
QUENCY  OF  STRONGER  WINDS  AT  THE  OPEN  STATION  IS  CLEARLY  SHOWN.  THERE 
WERE  NO  SPEEDS  ABOVE  8  MPH  IN  THE  FOREST,  BUT  SPEEDS  AS  GREAT  AS  ]4  MPH 
(at  30  cm)  AND  16  MPH  (at  200  cm)  occurred  in  the  open. 

These  histograms  and  curves  illustrate  the  protection  provided  by 

FORESTS  IN  NORTHERN  REGIONS.  At  VERY  LOW  TEMPERATURES,  SMALL  INCREASES 
IN  WIND  SPEEDS  WILL  EFFECTIVELY  INCREASE  THE  STRESS  IMPOSED  UPON  MEN. 

The  great  frequency  of  calms  and  for  the  rest  of  the  time  the  very  low 

WIND  SPEEDS  IN  THE  FOREST,  COMBINED  WITH  THE  REDUCED  NET  NOCTURNAL  RADI¬ 
ATION,  MAKE  A  WOODED  AREA  A  CONSIDERABLY  LESS  SEVERE  LOCATION  THAN  THE 
OPEN  FOR  MEN,  EQUIPMENT,  AND  INSTRUMENTS. 

(3)  Frequencies  of  wind  directions  and  average  speeds  for 

EACH  DIRECTION  - - - — 

Figure  48  shows  the  frequencies  of  wind  directions 

TO  EIGHT  POINTS  OF  THE  COMPASS  AND  THE  AVERAGE  SPEED  FOR  EACH  DIRECTION. 

Winds  blew  predominantly  from  an  easterly  direction,  generally  be¬ 
tween  EAST  ANO  SOUTH,  AND  THE  STRONGEST  SPEEDS  ALSO  WERE  FROM  THESE 
DIRECTIONS.  In  THE  FOREST,  AT  200  CM,  WINDS  BLEW  FROM  THE  SOUTHEAST  MORE 
THAN  90  PERCENT  OF  THE  TIME,  AND  WINDS  FROM  THE  EAST  AND  SOUTHEAST  BLEW 
FOR  AT  LEAST  30  PERCENT  OF  THE  TIME  AT  BOTH  200  CM  AND  30  CM  LEVELS  AT 
EACH  STATION.  MEAN  WIND  SPEEDS  WERE  ALSO  LARGEST  FOR  WINDS  FROM  THE  EAST 

and  southeast.  At  200  cm  at  the  OPEN  station,  mean  speeds  from  these  two 

DIRECTIONS  {5.4  MPH  AND  6*9  MPH,  RESPECTIVELY)  WERE  SEVERAL  TIMES  THOSE 
OF  THE  DIRECTION  HAVING  THE  NEXT  STRONGEST  WINDS  ( 1  .8  MPH,  NORTHEAST). 

Indeed,  all  strong  winds  duping  the  month  blew  from  either  the  east  or 
SOUTHEAST.  SINCE  THE  WOOOS  STATION  WAS  LOCATED  CLOSE  TO  THE  EASTERN 
EDGE  OF  THE  FOREST,  THE  DIRECTION  FROM  WHICH  THE  STRONG  WINDS  CAME,  IT 
MIGHT  REASONABLY  BE  EXPECTED  THAT  IF  THE  STATION  HAD  BEEN  LOCATED  OrrPrR 
in  mt  IUKLST,  OR  IF  THE  STRONGEST  WINDS  HAD  COME  FROM  THE  WEST,  THE  DIF¬ 
FERENCES  NOTED  BETWEEN  THE  STATIONS  MIGHT  HAVE  BEEN  EVEN  LARGER. 

(4)  Run  OF  THE  WIND 

The  RUN  OF  THE  wind,  the  mileage  FROM  EACH  DIRECTION, 
IS  ALSO  SHOWN  IN  FIGURE  48.  THE  RUNS  PROVIDE  FURTHER  EVIDENCE  OF  THE 
EFFECTS  OF  THE  FOREST.  DIFFERENCES  AT  200  CM  BETWEEN  THE  STATIONS  ARE 
VERY  LARGE.  DURING  THE  MONTH,  LESS  THAN  500  MILES  OF  WIND  PASSED  AT  THIS 
LEVEL  IN  THE  FOREST  (46l  MILES  FROM  THE  SOUTHEAST),  BUT.  I N  T  HE  OPEN  MORE  THAN 
1,800  MILES  OF  WIND  PASSED  THE  STATION  (652  MILES  FROM  THE  EAST  AND  833 
MILES  FROM  THE  SOUTHEAST),  NEARLY  FOUR  TIMES  THE  RUN  IN  THE  FOREST. 
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At  THE  30  CM  LEVELS,  Cl  FFE  P.LftCES  WERE  NOT  SO  STRIKING,  739  MILES 
IN  1  HE  FOREST  (58O  MILES  FROM  THE  EAST)  AND  1,218  MILES  IN  THE  OPEN 
(2u3  MiLES  FROM  THE  LASI,  JCO  MILES  FROM  THE  SOUTHEAST,  AND  123  MILES 
FROM  THE  SOUTH)  . 

(5)  Resultant  run  of  the  wind  and  the  steadiness  ratio 

The  resultant  run  of  the  wind  and  the  steadiness  ratio 
are  listed  in  Table  XXVI.  In  contrast  to  results  obtained  for  June,  when 

THE  WINDS  WERE  QUITL  DIVERSE,  THESE  VALUES  SHOW  THAT  THE  4 1 NDS  WERE  PRE¬ 
DOMINANTLY  FROM  1  OR  2  DIRECTIONS,  AND  THAT  STRONGEST  MEAN  WIND  SPEED 
ALSO  OCCURRED  WITH  THE  WIND  OF  THE  DOMINANT  DIRECTION.  In  REFERENCE  TO 
THE  EXAMPLE  OFFERED  BY  CONRAD  AND  POLLAK  ( 1 950,  l>.  I85),  WHO  CONSIDER 
A  STEADINESS  RATIO  OF  54  PERCENT  FOR  JANUARY  AT  EiOSTON  AS  BEING  RATHER 
HIGH,  THE  STEADINESS  RATIOS  AT  THE  STATIONS  DURING  DECEMBER  MUST  BE  CON¬ 
SIDERED  EXCEPTIONALLY  LARGE.  THIS  IS  ESPECIALLY  TRUE  IN  THE  FOREST. 

The  GREATEST  VARIATION  OCCURRED  AT  30  CM  I N  THE  OPEN,  BUT  THE  STEADINESS 
RATIO,  54.8  PERCENT,  IS  EQUAl  TO  THAT  GIVEN  BY  CONRAD  AND  POLLAK  AS  A 
RATHER  HIGH  VALUE. 

E ‘  0  SMB  I NE D  ELEMENTS 

AS  INDICATED  ABOVE  IN  THE  DISCUSSION  OF  WIND,  THE  MOST 
SERIOUS  COMBINATION  OF  CLIMATIC  ELEMENTS  IN  THE  SUBARCTIC  AND  ARCTIC 
WINTER  IS  LOW  TEMPERATURE  AND  WIND  WHICH  COMBINE  TO  CAUSE  WINDCHILL. 
WlNDCHILL  EFFECTIVELY  LIMITS  OUTDOOR  ACTIVITY  MUCH  OF  THE  TIME,  AND  MAY 
BE  PARTICULARLY  HAZARDOUS  WHEN  A  SITUATION  REQUIRES  PROLONGED  EXPOSURE. 


TA3LE  XXVI 

RESULTANT  RUN  OF  THE  WIND  AND  THE  STEADINESS  RATIO 
200  CM  AND  30  CM  ABOVE  THE  SNCW  SURFACE 
WOOOS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 


Height/station 

Resultant  run  of 
the  wind  (miles) 

Steadiness  ratio 
(percent) 

WOODS 

200  cm 

474 

96.3 

30  CM 

605 

81.9 

OPEN 

200  cm 

1,275 

70.5 

30  CM 

668 

54.8 
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fO  THESt  TWO  ELEMENTS  MIGHT  BE  ADDED  DARKNESS;  ALTHOUGH  DARKNESS  PERHAPS 
PROPERLY  CANNOT  BE  LISTED  AS  A  CLIMATIC  ELEMENT •  TllE  LACK  OF  SOLAR  RADI¬ 
ATION  MOST  OF  THE  2,  HOURS  IN  MIDWINTER,  HOWEVER,  WITH  RESULTING  CONSID¬ 
ERABLE  NET  OUTGOING  RADIATION,  SERVES  TO  ACCENTUATE  THE  COLO  AND  THE 
STRESS  IMPOSED  ON  MEN  AND  EQUIPMENT  BY  WINDCHILL. 

( 1 )  Wind  speeds  and  temperatures 

Figures  ky  and  50  show  the  combination  of  wind  speed 
groups  (Beaufort  scale)  and  temperature  groups  (5  F  deg.  intervals). 

Wind  speeds  were  measured  at  200  cm  and  30  cm  above  the  snow  surface, 

BUT  TEMPERATURE  MEASUREMENTS  ( THERMOCOUPLES^ REMAI NED  AT  CONSTANT  HEIGHTS 
ABOVE  THE  GROUND  SURFACE.  Fur  THIS  REASON,  IT  WAS  NECESSARY  TO  SELECT 
FOR  USE  THE  TEMPERATURES  RECORDED  BY  THE  THERMOCOUPLE  NEAREST  IN  HEIGHT 
TO  200  CM  ANO  30  CM  ABOVE  THE  SNOW  SURFACE  AT  EACH  OF  THE  STATIONS.  AT 
THE  OPEN  STATION,  THE  50  CM  THERMOCOUPLE  (28  CM  ABOVE  THE  SNOW  SURFACE) 

WAS  USED  WITH  THE  30  CM  WIND  LEVEL,  AND  THE  200  CM  THERMOCOUPLE  ( 1 78  CM 
ABOVE  THE  SNOW  SURFACE)  WITH  THE  200  CM  WIND  LEVEL.  At  THE  WOODS  STA¬ 
TION,  IT  WAS  NECESSARY  TO  USE  THE  100  CM  THERMOCOUPLE  (57  CM  ABOVE  THE 
SNOW  SURFACE)wiTH  THE  30  CM  WIND  LEVEL,  AND  THE  200  CM  THERMOCOUPLE 
(157  CM  ABOVE  THE  SNOW  SURFACE)  WITH  THE  200  CM  WIND  LEVEL. 

Figures  49  and  50  show  that  this  matching  or  temperature  and  wind 

LEVELS  RESULTED  IN  NO  SIGNIFICANT  DIFFERENCES  FROM  WHAT  MIGHT  HAVE  BEEN 
OBTAINED  IF  BOTH  TEMPERATURE  AND  WIND  INSTRUMENTS  HAD  BEEN  AT  IDENTICAL 

levels.  These  combinations  provide  a  reliable  measure  of  temperature- 
wind  combination.  The  use  of  different  temperature  levels  was  essen¬ 
tial,  IN  order  to  leave  the  temperature  stations  completely  undisturbed. 
Adjustments  of  the  thermocouples  for  height  above  the  snow  surface  would 
have  resulted  in  trampling  of  the  snow,  thus  affecting  soil  and  snow 
temperatures. 

Figures  49  and  50  reveal  that  the  temperature-wind  groupings  at 

30  CM  AT  THE  OPEN  STATION,  AND  AT  BOTH  200  CM  AND  30  CM  AT  THE  WOODS 
STATION,  ACCORD  WITH  THE  USUAL  EXPERIENCE  THAT  WINDS  ARE  NEAR  CALM  OR 
CALM  DURING  TIMES  OF  VERY  COLO  WEATHER.  AT  200  CM  IN  THE  OPEN,  HOWEVER, 
THIS  IS  HOT  SO.  AT  TEMPERATURES  RANGING  FROM  -20  F  TO  -54  Fy  WINDS  OF 

1  TO  3  MPH  AND/OR  4  TO  7  MPH  WERE  AS  FREQUENT  AS,  OR  MORE  FREQUENT  THAN, 

CALMS.  In  THE  TEMPERATURE  GROUP  -30  F  TO  -34  F,  FOR  EXAMPLE,  WINDS  OF 

8  TO  12  MPH  OCCURRED  MORE  FREQUENTLY  THAN  DID  CALMS,  AND  AT  TEMPERATURES 

OF  -50  F  TO  -54  F,  WINDS  WITH  SPEEDS  OF  1  TO  3  MPH  WERE  MORE  NUMEROUS  THAN 

CALMS.  This  same  condition  was  found  in  studies  at  Fort  Churchill,  Canada 
( DE  PERCIN  AND  FaLKOWSKI,  1956*  PP»  21  -25),  AND  IT  MUST  BE  CONCLUDED  THAT 
THE  COMMONLY-ACCEPTED  BELIEF;  THAT  CALMS  OCCUR  SIMULTANEOUSLY  WITH  EXTREME 
LOW  TEMPERATURES  DOES  NOT  HOLD  TRUE  ON  MANY  OCCASIONS. 


OCCURRENCES  OF  WIND  SPEEDS  At  VARIOUS  TEMPERATURES,  WOODS  MICROCLIMATIC  STATION,  BIG  DELTA,  ALASKA 

DCCEMMt 


OCCURRENCES  OF  W'ND  SPEEDS  AT  VARIOUS  TEMPERATURES.  OPtN  MICROCLIMATIC  STATION.  PIG  DELTA,  ALASKA 
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( 2 )  Wl NOCHI LL  OR  DRY  ATMOSPHE RiC  COOLING 


Court  (1948a)  points  out  that  the  term  "windchill"  was 

FIRST  USED  BY  SlPLE  IN  1939,  ALTHOUGH  THE  CONCEPT  OF  THE  COOLING  EFFECT  OF 
AIR  MOVEMENT  AND  LOW  TEMPERATURE  HAS  LONG  BEEN  RECOGNIZED.  Si  RLE  AnD  PaSSEL 
(I945)  PRESENT  IN  DETAIL  THE  METHOD  EMPLOYED  IN  MAKING  ATMOSPHERIC  COOLING 
MEASUREMENTS  AT  LITTLE  AmERiCA,  ANT ARCT I C A, I N  194l.  FROM  THEIR  EXPERIMENTS 

at  Little  America,  the  formula  was  developed  upon  which  Figure  51  (Nomogram 
of  Dry  Atmospheric  Cooling)  and  the  windchill  values  presented  in  this 

STUDY  ARE  BASED.  C.  F.  BROOKS  (  1 92S)  IN  DISCUSSING  THE  COOLING  OF  MAN 
JNDlK  VARIOUS  WEATHER  CONDITIONS,  AND  DORNO  (1926)  IN  HIS  CRITIQUE  OF 

Brooks'  paper,  mention  the  importance  of  solar  radiation  in  computing 
windchill.  Insolation  is  important  in  warming  men  and  counteracting,  to 
a  certain  extent,  the  effects  of  windchill. 

In  the:  Subarctic,  however,  radiation  measurements  are  generally  lack¬ 
ing,  and,  anyway,  the  short  hours  of  daylight  and  weakness  of  the  insola¬ 
tion  BECAUSE  OF  LOW  ANGLE  AND  CLOUDINESS  TEND  TO  MINIMIZE  THE  EFFECTS  OF 
SOLAR  RADIATION.  Ill  ADDITION,  VEGETATION  SUCH  AS  THAT  AT  THE  WOODS  STATION 
WILL  FURTHER  MINIMIZE  THE  EFFECTS  OF  INSOLATION.  SOLAR  RADIATION  MUST  NOT 
BE  IGNORED  COMPLETELY,  HOWEVER,  WHEN  CONSIDERING  WINDCHILL,  FOR  WHEN  THE 
SUN  SHINES  SOME  WARMTH  IS  GAINED  EVEN  THOUGH  THE  TEMPERATURES  MAY  BE  LOW 
AND  THE  WIND  BLOWING.  THIS  IS  PARTICULARLY  TRUE  WHEN  IT  IS  REALIZED  THAT 
SOLAR  RADIATION  RECEIVED  ON  A  VERTICAL  SURFACE,  SUCH  AS  STANDING  OP:  EVEN 
SITTING  MEN,  IS  OFTEN  MUCH  GREATER  THAN  THAT  RECEIVED  ON  A  HORIZONTAL 
SURFACE  (SUCH  AS  THE  PYRHEL I  OMETEr)  .  At  NIGHT,  LONGWAVE  OUTGOING  RADI¬ 
ATION  IS  A  DIRECT  CAUSE  OF  CHILLING  OF  MEN. 

From  Figures  49  and  BO  the  frequencies  of  various  windchill  values 
MAY  BE  ESTIMATED.  As  AN  EXAMPLE,  AT  200  CM  AT  THE  OPEN  STATION  TEMPERA¬ 
TURES  OF  -30  F  TO  -34  F  WITH  WIND  SPEED  OF  8  TO  12  MPH  OCCURRED  23  TIMES, 

BUT  DID  NOT  OCCUR  AT  30  CM,  OR  AT  200  CM  AND  3^  CM  AT  THE  WOODS  STATION. 
Using  the  middle  values  of  both  wind  and  temperature  groups  (10  mph  and 
-32  F)  a  windchill  of  1,850  kgcal/k^/hr  is  obtained  from  Figure  51* 

P.  Roberts  (1943,  p.  4)  lists  windchill  values  of  1,000  to  2,000  kgcal/ 
m2 /hr  as  The  worst  possible  combination  of  wind  and  low  temperature,  and 

AT  THE  OFFICIAL  WEATHER  STATION  AT  FORT  CHURCHILL,  MANITOBA,  CANADA  THE 
FOLLOWING  SCALE  IS  GIVEN  ON  THE  DAILY  WEATHER  OBSERVATION  FORM: 


Windchii 

L  VALUE 

Description 

700  - 

900 

Cold 

900  - 

1,100 

Very  cold 

1,100  - 

1,400 

Bitterly  cold 

i,4oo  - 

1,900 

Freezingly  cold 

1,900  - 

OVER 

Dangerously  cold 

From  the  above  scale  it  is  seem  that  a  windchill  of  1,850  kgcal/m^/hr 

IS  FREEZINGLY  COLD,  AND  THAT  UNDER  SUCH  CONDITIONS  PROLONGED  EXPOSURE 
WOULD  BE  DIFFICULT,  AND  WITHOUT  PROPER  CLOTHING,  SHELTER,  AND  FOOD  IT 
WOULD  BE  DANGEROUS.  THE  PROTECTION  AFFORDED  BY  THE  FOREST,  THEREFORE, 
CANNOT  BE  UNDERESTIMATED.  DEEP  SNOW  OR  DENSE  VEGETATION  CAN  EFFECTIVELY 
PROTECT  MEN  FROM  THE  FULL  EFFECTS  OF  WINDCHILL,  AND  CAN  SUBSTANTIALLY 
REDUCE  HEATING  REQUIREMENTS  FOR  TEMPORARY  OR  PERMANENT  SHELTERS. 
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PART  It  I  -  SUMMARY  OF  RESULTS 


The  results  obtained  by  this  study  show  that  very  large  differences 

IN  SOLAR  RADIATION,  TEMPERATURE,  WIND,  AND  PRECIPITATION  OCCURRED  BETWEEN 
TWO  MICROCLIMATIC  STATIONS,  ONE  LOCATED  IN  A  RELATIVELY  DENSE  SUBARCTIC 
SPRUCE  FOREST  (TAIGA),  AND  THE  OTHER  LOCATED  CLOSE  BY  IN  AN  OPEN,  CLEARED 
AREA  HAVING  LITTlE  OR  NO  VEGETATION.  THESE  DIFFERENCES  HAVE  IMPORTANT 
APPLICATIONS  TO  MANY  FIELDS  OF  SCIENCE,  INCLUDING  MILITARY,  ENGINEERING, 
AGRICULTURE,  BIOLOGY,  GEOLOGY,  CLIMATOLOGY,  AND  METEOROLOGY.  THEY  ARE 
ESPECIALLY  SIGNIFICANT  WHEN  APPLIED  TO  MILITARY  PROBLEMS,  FOR  A  KNOWLEDGE 
OF  THE  MICROCLIMATE  IS  IMPORTANT,  IF  NOT  ESSENTIAL,  iN  MILITARY  PL ANN  I NG 
AND  OPERATIONS  INVOiVING  SOLDIERS  AND  EQUIPMENT.  WITHOUT  THIS  KNOWLEDGE, 

A  FULL  UNDERSTANDING  OF  THE  IMPACT  AND  STRESS  OF  THE  CLIMATE  ON  THE 
EFFICIENT  FUNCTIONING  OF  MEN  AND  EQUIPMENT  IS  LACKING. 

The  FOLLOWING  SUMMARY  GIVES  SOME  OF  THE  MORE  IMPORTANT  RESULTS  OB¬ 
TAINED,  AND,  IN  MOST  INSTANCES,  PROVIDES  A  BRIEF  EXPLANATION  OF  THE  CAUSES 
LEADING  TO  THESE  RESULTS. 

1 .  Radi ation 

The  SPRUCE  FOREST  effectively  decreased  solar  RADIATION  received 
AT  OR  NEAR  THE  GROUND  ( OR  SNOw)  SURFACE  DURING  THE  DAY  IN  BOTH  SUMMER 
AND  WINTER,  AND,  IN  WINTER  ESPECIALLY,  THE  TREES  REDUCED  THE  NET  LONGWAVE 
RADIATIONAL  LOSS  AT  NIGHT.  In  THE  FOREST,  THE  EFFECTIVE  LOCUS  OF  BOTH 
ABSORPTION  AND  RADIATION  WAS  NO  LONGER  THE  SURFACE  OF  THE  GROUND  ( OR 
SNOW),  BUT  WAS  A  LAYER  OF  DEPTH  NEAR  THE  CANOPY.  At  THE  WOODS  STATION, 
DURING  THE  DAY,  WITH  THE  SUN  AT  A  LOW  ANGLE  ALL  YEAR,  MOST  OF  THE  DIRECT 
SOLAR  RADIATION  WAS  INTERCEPTED  AT  THE  UPPER  PARTS  OF  THE  SPRUCE  TREES, 

AND  IT  IS  SURMISED  THAT,  OF  THE  RADIATION  RECEIVED  IN  THE  FOREST,  THE  LARGE 
PROPORTION  WAS  OIFFUSE  OR  SCATTERED  RADIATION  FROM  THE  SKY.  In  WINTER, 

WHEN  TEMPERATURES  WERE  LOW  (USUALLY  ~30  F  OR  BELOW),  ICE  FOGS  REDUCED  THE 
AMOUNTS  OF  INSOLATION  RECEIVED  AT  THE  OPEN  STATION. 

THE  FOLLOWING  RESULTS  WERE  NOTED  FROM  SOLAR  RADIATION  MEASUREMENTS 

made  in  June  and  December  1956* 

a.  In  June  1956,  total  daily  solar  radiation  measured  in  the  forest 

WAS  ONLY  ABOUT  A  THIRD  OF  THAT  MEASURED  IN  THE  OPEN,  THE  MEAN  TOTAL  DAILY 
RADIATION  BEING  1 65  LY  AND  ^2  LY  AT  THE  WOODS  AND  OPEN  STATIONS,  RESPEC¬ 
TIVELY.  During  the  hours  of  most  intense  insolation,  0700  to  i860,  mean 
HOURLY  SOLAR  RADIATION  WAS  15  TO  32  LY  GREATER  IN  THE  OPEN  THAN  IN  THE 
FOREST. 

b.  In  December  191)6,  absolute  differences  in  solar  radiation  were 

NOT  AS  GREAT  AS  DURING  SUMMER,  DUE  TO  THE  VERY  SHORT  DAYS  AND  SMALLER 


130 


QUANTITIES  MEASURED,  BUT  RELATIVE  DIFFERENCES  WERE  LARGER.  SOLAR  RADIATION 
WAS  RECORDED  DURING  ONLY  THREE  HOURS  OF  THE  DAY  (EXCEPT  FOR  THE  FIRST  TWO 
DAYS  OF  THE  MONTH),  1000  THROUGH  1 JQQ,  AT  THE  OPEN  STATION.  If!  THE  OPEN, 

THE  MONTHLY  TOTAL  WAS  1 60  LY  AND  THE  MEAN  DAILY  VALUE  WAS  5*1  LY.  IN  THE 
FOREST,  SOLAR  RADIATION  WAS  NOT  RECORDED  AT  ANY  TIME  DURING  THE  MONTH; 

THE  AMOUNTS  RECEIVED  WERE  NOT  OF  SUFFICIENT  INTENSITY  TO  ACTIVATE  THE 
INSTRUMENT,  OFFERING  AMPLE  EVIDENCE  OF  THE  INFLUENCE  OF  THE  SPRUCE  TREES 
IN  REDUCING  INSOLATION,  PARTICULARLY  DURING  PERIODS  WHEN  THE  ALTITUDE  OF 
THE  SUN  IS  LOW  AND  THE  ANGLE  OF  INCIDENCE  OF  THE  RAYS  OF  THE  SUN  13  LARGE. 

c.  During  winter,  ice  fogs  were  instrumental  in  rluuung  amounts 
OF  INSOLATION  MEASURED  AT  THE  OPEN  STATION. 

D.  The  frequencies  of  SOLAR  radiation  amounts  received  provide 

ADDITIONAL  EVIDENCE  OF  THE  DIFFERENCES  BETWEEN  THE  MICROCLIMATIC  STATIONS. 
iN  June,  5u  PERCENT  OF  THE  HOURS  AT  THE  WOODS  STATION  HAD  4  LY  OR  LESS, 

WHILE  AT  THE  OPEN  STATION  THIS  FIGURE  WAS  37  PERCENT.  THIRTY  LANGLEYS 
OR  MORE  WERE  MEASURED  DURING  4  PEPCENT  OF  THE  HOURS  AT  THE  WOODS  STATION, 

BUT  AT  THE  OPEN  STATION  TWICE  THAT  NUMBER,  60  LY,  OR  MORE, WERE  MEASURED 
DURING  7  PERCENT  OF  THE  HOURS.  IN  DECEMBER,  THE  GREATEST  AMOUNT  OF  IN¬ 
SOLATION  MEASUREO  DURING  ONE  HOUR  WAS  10  LY  AT  THE  OPEN  STATION,  BUT 
DURING  THIS  SAME  HOUR  NO  RADIATION  WAS  RECORDED  AT  THE  WOODS  STATION.  AT 
THE  OPEN  STATION,  HOWEVER,  90  PERCENT  OF  THE  HOURS  DURING  WHICH  SOLAR 
RADIATION  WAS  RECORDED  IN  DECEMBER  HAD  ONLY  4  LY  OR  LESS. 

The  DIFFERENCES  IN  SOLAR  RADIATION  RECEIVED  AT  THE  STATIONS  ARE  IN¬ 
DICATED  BY  THE  VEGETATION  COVER  AT  THE  GROUND.  IN  THE  FOREST,  THE  GROUND 
SURFACE  WAS  COVERED  WITH  MOSSES  AND  LICHENS,  PLANTS  TOLERANT  TO  A  COOL, 
MOIST,  SHADY  ENVIRONMENT,  BUT  IN  THE  OPEN  THE  PREDOMINANT  PLANTS  WERE 
WEEDS  AND  GRASSES. 

2.  PRECI PI  TAT  I  ON 

Precipitation,  as  rain  in  summer  and  as  snow  in  winter,  plays  a  very 

SIGNIFICANT  ROLE  IN  AFFECTING  SOIL,  SOIL-SURFACE,  AND  NEAR-SURFACE  AIR 
temperatures.  Measurements  made  at  only  one  location  in  a  forest  are  not 

INDICATIVE  OF  AMOUNTS  RECEIVED  THROUGHOUT  THE  FOREST,  AND  PRECIPITATION 
AMOUNTS  RECOROED  DURING  JUNE  AND  DECEMBER  IN  THE  WOODS  ARE  OF  VALUE  AND 
INTEREST  ONLY  FOR  COMPARING  AMOUNTS  RECEIVED  AT  THE  STATIONS  AND  FOR  KNOW¬ 
ING  HOW  MUCH  WAS  RECEIVED  AT  THE  GROUND  NEAR  THE  SOIL  THERMOCOUPLES. 

During  winter,  the  depth  of  the  snow  cover  at  each  station  was  of  greater 

SIGNIFICANCE  THAN  THE  AMOUNT  OF  SNOWFALL. 

a.  In  June  195^>  precipitation  measured  at  the  OPEN  station  (4.65  IN*) 

WAS  ABOUT  20  PERCENT  GREATER  THAN  THAT  RECEIVED  AT  THE  WOODS  STATION 
(3.72  IN.),  CONFORMING  WITH  RESULTS  OBTAINED  IN  OTHER  STUDIES. 
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b.  In  December,  amounts  of  snowfall  measured  werc  not  accurate  be¬ 
cause  WINDSHIELDS  WERE  NOT  PLACED  ON  THE  PRECIPITATION  GAGES.  .OBSERVA¬ 
TIONS  OF  DEPTH-OF-SnOW  REVEALED,  HOWEVER,  THAT  THE  SNOW  COVER  IN  THE 
FOREST  WAS  ABOUT  TWICE  AS  DEEP  AS  THAT  IN  THE  OPEN.  SNOW  COVER  VARIED 
IN  DEPTH  FROM  39  CM  TO  49  CM  AT  THE  WOODS  STATION,  AVERAGING  43-4  CM  FOR 
THE  MONTH,  WHILE  AT  THE  OPEN  STATION  IT  VARIED  FROM  l8  CM  TO  25  CM,  AVER¬ 
AGES  22.1  CM  IN  DEPTH  FOR  THE  MONTH. 

The  deeper  snow  cover  in  the  FOREST  reduced  THE  RATE  OF  THE  HEAT  LOSS 
from  THE  GROUND  and  THIS  WaS  REFLECTED  IN  THE  HIGHER  TEMPERATURES  AT  THE 
GROUND  SURFACE  IN  THE  FOREST  DURING  TIMES  OF  EXTREME  COLD,  AND  ALSO  IN 
THE  GREATER  LAG  OF  GROUND  AND  SOIL  TEMPERATURES  IN  RESPONDING  TO  LARGE 
DAY-TO-DAY  FLUCTUATIONS  IN  AIR  TEMPERATURE.  IN  THE  OPEN,  THE  HEAT  LOSS 
FROM  THE  GROUND  WAS  GREATER,  DUE  TO  THE  THINNER  SNOW  COVER,  AND  GROUND 
SURFACE  TEMPERATURES  RESPONDED  MORE  RAPIDLY  TO  CHANGES  IN  AIR  TEMPERATURE. 

3*  Temperature 


The  VEGETATION  OF  THE  WOODS  STATION  WAS  INSTRUMENTAL  IN  CAUSING  VERY 
LARGE  DIFFERENCES  IN  SOIL,  GROUND  SURFACE,  AND  NEAR-SURFACE  TEMFERATURES 
BETWEEN  THE  STATIONS,  BUT  AIR  TEMPERATURES  AT  50  CM  AND  ABOVE  WERE  NOT 
GREATLY  AFFECTED.  AT  THESE  HEIGHTS  ( 50  CM  TO  400  Cm) ,  DIFFERENCES  IN 
TEMPERATURES  BETWEEN  THE  STATIONS  WERE  SMALL. 

In  SUMMER,  THE  SPRUCE  TREES  CONSIDERABLY  REDUCED  THE  INSOLATION  RE¬ 
CEIVED  AT  THE  GROUND  SURFACE,  AND  THIS,  COMBINED  WITH  THE  INSULATING  PROP¬ 
ERTY  OF  THE  MOSS-LICHEN  COVER  AT  THE  GROUND  SURFACE  IN  THE  FOREST,  CAUSED 
GROUND  SURFACE  AND  SOIL  TEMPERATURES  TO  BE  VERY  MUCH  LOWER  IN  THE  FOREST 
THAN  IN  THE  OPEN. 

In  WINTER,  SNOW  ACCUMULATED  TO  GREATER  DEPTHS  IN  THE  WOODS,  AND  DUE 
TO  THE  INSULATING  PROPERTY  OF  THE  DEEPER  SNOW  COVER,  GREATER  PROTECTION 
WAS  AFFORDED  THE  GROUND  BENEATH.  HIGHER  SOIL  TEMPERATURES  WERE  NOT  RE¬ 
CORDED  AT  THE  WOODS  STATION  THAN  AT  THE  OPEN  UNTIL  THE  END  OF  THE  MONTH 
(December),  however,  because  the  soil  in  the  forest  was  much  colder  at  the 

BEGINNING  OF  WINTER.  In  THE  OPEN,  WHERE  SOIL  TEMPERATURES  WERE  RELATIVELY 
HIGH  COMPARED  WITH  THOSE  IN  THE  FOREST  BECAUSE  OF  HEATING  DURING  SUMMER, 

SOIL  TEMPERATURES  BECAME  AS  LOW  AS,  OR  LOWER  THAN,  THOSE  IN  THE  WOODS  ONLY 
TOWARD  THE  END  OF  THE  MONTH.  AT  THE  OPEN  STATION,  THE  HEAT  LOSS  FROM  THE 
GROUND,  AND,  THEREFORE,  THE  COOLING  OF  THE  SOIL,  PROGRESSED  MORE  RAPIDLY 
THAN  IN  THE  FOREST  WHERE  THE  DEEPER  SNOW  AND  VEGETATION  REDUCED  THE  AMOUNT 
OF  HEAT  LOSS  FROM  THE  GROUND. 

Some  of  the  more  important  differences  in  temperatures  observed  in 
June  1956  are  as  follows: 

a.  The  spruce  trees  and  moss-lichen  ground  cover  greatly  retarded 
warming  of  the  soil  at  the  WOODS  station.  This  resulted  in  large  differences 
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IN  SOIL  TEMPERATURES  BETWEEN  THE  STATIONS,  AND  BETWEEN  THE  SOIL  AND  AIR 
TEMPERATURES  AT  THE  WOODS  STATION  ITSELF. 

B.  AT  THE  WOODS  STATION,  MAXIMUM  SOiL  TEMPERATURES  LAGGED  24  TO  26 
HOURS  DEHIND  MAXIMUM  AIR  TEMPERATURES  AT  -15  CM  AND  ~30  CM.  ISOTHERMAL 
CONDITIONS  EXISTED  AT  -60  CM,  THE  TEMPERATURE  REMAIN'NG  CONSTANT  AT  31  F 
DURING  THE  PERIOD.  AT  THE  OPEN  STATION,  MAXIMUM  SOIL  TEMPERATURES  LAGGED 
4  HOURS  (AT  -15  CM)  TO  24  HOURS  ( AT  -60  CM.)  BEHIND  MAXIMUM  AIR  TEMPERA¬ 
TURES.  The  temperatures  of  the  surface  (0  cm)  and  -2*5  cm  followed 

CLOSELY  THE  FLUCTUATIONS  AND  CHANGES  IN  AIR  TEMPERATURES,  SHOWING  LITTLE 
LAG. 


C.  AT  BOTH  STATIONS,  THERE  WAS  AN  INCREASE  IN  THE  LAG  IN  SOIL  WARM¬ 
ING  WITH  INCREASING  DEPTH.  THIS  LAG  WAS  GREATER  IN  THE  FOREST  THAN  IN 
THE  OPEN. 

D.  At  BOTH  STATIONS  THERE  WAS  A  DECIDED  DAMPING  OF  SOIL  TEMPERATURE 
FLUCTUATIONS  WITH  INCREASING  DEPTH.  THIS  DAMPING  EFFECT  WAS  GREATER  IN  THE 
FOREST,  REACHING  A  MAXIMUM  AT  -6C  CM  WHERE  THE  TEMPERATURE  REMAINED  CON¬ 
STANT. 


E.  .In  THE  FOREST,  MINIMUM  SOIL  TEMPERATURES  LAGGED  BEHIND  MINIMUM 
AIR  TEMPERATURES  1  HOUR  AT  -2.5  CM,  2  TO  3  HOURS  AT  -15  CM,  APPROXIMATELY 
26  HOURS  AT  -30  CM,  AND  THERE  WAS  NO  VARIATION  AT  -60  CM.  In  THE  OPEN, 
MINIMUM  TEMPER ATUES  OCCURRED  SIMULTANEOUSLY  IN  THE  AIR,  AT  THE  SURFACE 
(0  CM),  AND  AT  -2.5  CM,  BUT  LAGGED  3  HOURS  BEHIND  AT  -I5  CM,  f  TO  8  HOURS 

AT  -30  CM,  AND  ABOUT  30  HOUHS  AT  -60  CM. 

f.  Mean  hourly  soil  temperatures  in  the  forest  were  at  least  7  F 

DEG.,  AND  WERE  GENERALLY  15  F  DEG.  TO  20  F  DEG.,  LOWER  THAN  THOSE  AT  THE 

SAME  DEFFHS  IN  THE  OPEN,  THE  DIFFERENCES  DEPENDING  UPON  THE  DEPTH  AND 

TIME  OF  DAY. 

G.  At  BOTH  STATIONS,  GREATEST  VERTICAL  DIFFERENCES  IN  MEAN  HOURLY 
AND  DAILY  MEAN  TEMPERATURES  OCCURRED  IN  THE  SOIL  AND  AT  THE  SOIL  SURFACE. 

These  differences  ranged  from  5  F  deg.  to  15  F  deg.,  depending  upon  the 

STATION,  TIME,  AND  DEPTH. 

h.  Daily  mean  soil  temperatures  in  the  forest  were  usually  more 
THAN  10  F  DEG.,  AND  FREQUENTLY  15  F  DEG.  TO  20  F  DEG.  LOWER  THAN  THOSE  AT 
THE  SAME  DEPTHS  IN  THE  OPEN,  EXCEPTIONS  OCCURRING  AT  -2. 5  CM  ON  CLOUDY 
ANO  RAINY  DAYS. 

i.  Highest  soil  temperatures  at  the  WOODS  station  were  measured  at 

THE  SURFACE  (0  CM) ,  WITH  TEMPERATURES  INCREASING  FROM  -60  CM  TO  0  CM.  AIR 
TEMPERATURES  WERE  NEARLY  ALWAYS  HIGHER  THAN  SOIL  TEMPERATURES  IN  THE 
FOREST.  AT  THE  OPEN  STATION,  HIGHEST  SOIL  TEMPERATURES  WERE  MEASURED  AT 
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-2-5  CM  RATHE. <  THAN  AT  0  CM  DUE  TO  EVAPORATIVE  COOLING  FROM  THE  SURFACE 
OR  CONDUCTION  FROM  THE  SURFACE  TO  THE  COLDER  A I R  DIRECTLY  ABOVE.  DURING 
MOST  OF  THE  DAYS,  THE  0  CP  AND  -2-5  CM  TEMPERATURES  WERE  AS  HIGH  AS,  OR 
RICHER  THAN,  THE  AIR  T  EMPt  NATURES. 

J.  The  RANGE  or  SOIL  TEMPERATURES  in  1Mb  FOREST  WAS  HALF  OR  LESS  THAN  HALF, 

OF  THE  RANGE  OF  THOSE  AT  COMPARABLE  DEPTHS  IN  THE  OPEN. 

K.  The  FREQUENCY  OF  LOW  SOIL  TEMPERATURES  WAS  MUCH  GREATER  IN  THE 
FOREST  THAN  IN  THE  OPEN.  TEMPERATURES  AT  OR  BELOW  43  F,  FOR  EXAMPLE, 

WERE  QUITE  COMMON  IN  THF  FOREST,  BUT  DID  NOT  OCCUR  IN  THE  OFEN.  CONVERSELY, 
NLAR-SURFACE  SOIL  TEMPERATURES  ABOVE  77  F  WERE  COMMON  IN  THE  OPEN,  BUT 
WERE  NOT  OBSERVED  IN  THE  FOREST. 

l.  Durations  of  low  soil  temperatures,  50  F  and  below,  were  much 

LARGER  IN  THE  FOREST  THAN  IN  THE  OPEN.  ABOVE  50  F,  AT  68  F  AND  '('!  ^ , 

THERE  WERE  NO  DIFFERENCES  AT  DEPTHS  OF  -15  CM  AND  BELOW,  BUT  AT  -2*5  CM 

AND  0  CM  LARGE  DIFFERENCES  OCCURRED,  THE  OPEN  STATION  BEING  MUCH  WARMER. 

m.  Cumulated  temperatures  (using  bases  of  32  F  and  43  F;,  were  far 

LARGER  IN  THE  SOU  AT  THE  OPEN  STATION  THAN  AT  THE  WOCDS  STATION. 

N.  The  forest  slightly  lowered  daily  MAXIMUM  and  SLIGHTLY  raised 
DAILY  MINIMUM  AIR  TEMPERATURES. 

O.  The  forest  slightly  lowered  mean  air  temperatures  for  the  period. 

p.  Mean  hourly  air  temperatures  (7.5  cm  to  400  cm)  in  the  forest 
were  usually  only  2  F  deg.  lower  than  those  at  identical  levels  in  the 
open.  They  were  never  more  than  5*5  f"  DEG-  lower  and  were  infrequently 
the  same.  This  is  true  even  at  levels  close  to  the  ground,  that  is,  at 

7.5  CM. 

q.  Daily  mean  air  temperatures  (7-5  CM  T0  400  cm)  were  generally 

ONLY  2  F  DEG.  TO  4  F  DEG.  LOWER,  AND  WERE  NEVER  MORE  THAN  6  F  DEG.  LOWER, 

IN  THE  FOREST  WHEN  COMPARED  WITH  THE  SAME  HEIGHTS  IN  THE  OPEN. 

r.  Largest  variations  in  temperature  occurred  at  levels  having  the 
HIGHEST  MEAN  DAILY  TEMPERATURES,  at  ~2>5  CM  AND  0  CM  AT  THE  OPEN  STATION, 

AND  IN  THE  AIR,  PROM  7*5  CM  T0  400  CM,  AT  THE  WOODS  STATION. 

s.  Frequencies  of  hourly  air  temperatures  revealed  little  differences 

BETWEEN  THE  STATIONS.  THERE  WAS  A  VERY  SLIGHT  TENDENCY  TOWARD  A  GREATER 
FREQUENCY  OF  LOWER  TEMPERATURES  IN  THE  FOREST  ?.■  ,j  OF  HIGHER  TEMPERATURES 
IN  THE  OPEN. 

t.  Durations  of  air  temperatures  wfre  similar,  and  in  some  instances, 
IDENTICAL,  AT  THE  STATIONS. 
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u.  The  forest  had  a  greater  number  of  degree  days  than  did  the  open. 
Differences  varied  from  62  degree  days  at  7*5  CM  T0  2 7  and  26  degree  days 
AT  200  CM  and  4oq  cm,  respectively. 

v.  The  occurrence  of  clouds  and  rain  had  a  pronounced  effect  in 
minimizing  air,  surface,  and  near-surface  temperature  differences  between 

THE  STATIONS,  BUT  DID  NOT  AFFECT  TEMPFRATURES  DEEPER  IN  THE  SOIL,  THAT 

IS,  AT  -30  CM  AND  -60  CM.  CLOUDS  ANd/oR  RAIN  DECREASED  THE  DAILY  RANGE 

OF  TEMPERATURES  IN  A  MANNER  SIMILAR  TO  THAT  OF  THE  VEGETATION  AT  THE  WOODS 

station.  These  effects  of  weather,  however,  were  much  more  pronounced 
AT  THE  OPEN  THAN  AT  THE  WOODS  STATION. 

w.  Large  differences  occurred  in  globe  temperatures  between  the  sta¬ 

tions.  Due  to  the  shielding  effects  of  the  spruce  trees,  mean  hourly 
globe  temperatures  WERE  5  F  DEG.  to  10  F  DEG.  LOWER,  and  daily  mean  globe 

TEMPERATURES  WERE  ABOUT  6  F  DEG.  LOWER  AT  THE  WOODS  STATION  THAN  AT  THE 

OPEN  STATION. 

X.  IT  IS  SURMISED  THAT  THE  EFFECTS  OF  STRONGER  WINDS  AT  200  CM  AT 
THE  OPEN  STATION  TENDED  TO  LOWER  GLOBE  TEMPERATURES  AT  THAT  STATION,  AND, 
THEREFORE,  LESSEN  THE  DIFFERENCES  BETWEEN  THE  STATIONS. 

Y.  IN  THE  FOREST,  MEAN  HOURLY  GLOBE  TEMPERATURES  WERE  2.8  F  DEG.  TO 
8.8  F  DEG.  HIGHER  THAN  200  CM  AIR  TEMPERATURES  DURING  THE  HOURS  OF  GREAT¬ 
EST  INSOLATION  (0900  TO  16OC),  AND  WERE  USUALLY  SLIGHTLY  LOWER,  0.2  F  DEG. 
TO  1.8  F  DEG.,  AT  NIGHT  (2100  TO  0230). 

z.  IN  THE  OPEN,  OAYTIME  DIFFERENCES  BETWEEN  MEAN  HOURLY  GLOBE  AND 
200  CM  AIR  TEMPERATURES  WERE  FROM  9  F  DEG.  TO  15  F  DEG.,  WHILE  AT  NIGHT, 

AS  IN  THE  FOREST,  THE  GLOBE  TEMPERATURE  WAS  SLIGHTLY  LESS,  0«7  F  DEG.  TO 
1.4  F  DEG.,  THAN  AIR  TEMPERATURES. 

.aa.  Daily  mean  globe  temperatures  closely  followed  the  curves  for 

DAILY  MEAN  SOLAR  RADIATION  AT  BOTH  STATIONS.  |N  THE  FOREST,  A  MAXIMUM 
DIFFERENCE  OF  ABOUT  4  F  DEG.  WAS  OBSERVED  BETWEEN  GLOBE  AND  200  CM  DAILY 
MEAN  TEMPERATURES;  IN  THE  OPEN,  THE  MAXIMUM  DIFFERENCE  WAS  NEARLY  10  F 
DEG. 


bb.  During  times  of  precipitation,  globe  temperatures  at  the  OPEN 

STATION  WERE  COOLED  BELOW  THE  AIR  TEMPERATURES  DUE  TO  EVAPORATIVE  COOLING, 
WHICH,  IN  TURN,  WAS  INCREASED  BY  THE  STRONGER  WINDS  AT  THAT  STATION.  AT 
THE  WOODS  STATION,  DURING  RAINY  PERIODS,  THE  GLOBE  WAS  PROTECTED  FROM  THE 
RAIN  BY  THE  TREES,  WINDS  WERE  NOT  AS  STRONG,  AND  GLOBE  TEMPERATURES  AND 
AIR  TEMPERATURES  WERE  NEARLY  IDENTICAL,  THE  FORMER  BEING  ONLY  A  LITTLE 
HIGHER. 

In  winter  (December),  only  small  amounts  of  solar  radiation  were  re¬ 
ceived  AND  THE  SNOW  COVER  PLAYED  A  DOMINANT  ROLE  IN  DETERMINING  THE  TEMPERA¬ 
TURES  AT  THE  STATIONS. 
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a.  Mean  hourly  soil  temperatures  were  1  F  deg.  to  4  F  deg.  lower 

IN  THE  FOREST,  ALTHOUGH  THE  SNOW  COVER  WAS  DEEPER,  BECAUSE  THE  SOIL  IN 
THE  FOREST  WAS  MUCH  COLDER  AT  THE  START  OF  WINTER.  DIFFERENCES  IN  MEAN 
HOURLY  SOIL  TEMPERATURES  BETWEEN  THE  STATIONS  DECREASED  DURING  THE  MONTH, 
HOWEVER,  BECAUSE  THE  LOSS  OF  HEAT  FROM  THE  GROUND  WAS  GREATER  IN  THE  OPEN 
AND  COOLING  PROGRESSED  MORE  RAPIDLY. 

B.  Variations  in  mean  hourly  soil  temperatures  were  small  at  the 

STATIONS  DUE  TO  THE  INSULATING  PROPERTY  AND  DAMPING  EFFECTS  Of  THE  SNOW 
COVER . 


c.  Mean  hourly  temperatures  of  the  ground  surface  (0  cm)  and  in 
THE  SNOW  (7.5  Cm  ANU  25  cm)  WERE  5  F  DEG.  TC>  O  F  DEG.  HIGHER  IN  THE  WOODS, 
MAINLY  DUE  TO  THE  GREATER  INSULATION  PROVIDED  BY  THE  DEEPER  SNOW,  BUT 
ALSO  PARTLY  DUE  TO  THE  REDUCTION  BY  THE  VEGETATION  AT  THE  WOODS  STATION 
OF  THE  NET  NOCTURNAL  RADI  ATI  ON AL  LOSS. 

D.  MEAN  HOURLY  AIR  TEMPERATURES  WERE  SIMILAR  AT  THE  STATIONS, 

USUALLY  BEING  1  F  DEG.  TO  2  F  DEG.  COLDER  IN  THE  OPEN. 

e.  Greatest  temperature  differences  between  adjacent  thermocouple 

HEIGHTS  OCCURRED  IN  THE  SNOW  AT  BOTH  STATIONS: 

(1  }  In  THE  FOREST,  WHERE  THE  SNOW  WAS  43  CM  DEEP,  THE  DECREASE 
IN  TEMPERATURE  FROM  THE  GROUND  SURFACE  TO  THE  SNOW  SURFACE  WAS  GENERALLY 
GREATER  THAN  20  F  DEG. 

(2)  In  the  open,  the  snow  was  only  22  cm  deep,  the  loss  of 

HEAT  FROM  THE  GROUND  SURFACE  WAS  GREATER,  AND  TEMPERATURE  DIFFERENCES 
BETWEEN  THE  GROUND  AND  SNOW  SURFACES  WERE  NOT  AS  LARGE  AS  THOSE  IN  THE 
TOREST,  BEING  APPROXIMATELY  10  F  DEG.  TO  15  F  DEG. 

f.  Fluctuations  of  daily  mean  temperatures  at  -30  cm  and  -60  cm 

WERE  SMALL  AT  BOTH  STATIONS,  BUT  WERE  LESS  IN  THE  FOREST  THAN  IN  THE 
OPEN,  DUE  TO  THC  DEEPER  SNOW. 

g.  Fluctuations  of  near-surface  soil  temperatures  (-15  cm,  -2.5  cm 

AND  0  cm)  WERE  MORE  PRONOUNCED : I N  THE  OPEN  THAN  IN  THE  FOREST.  IN  THE 
OPEN,  A  TEMPERATURE  CHANGE  OF  40  F  DEG.  OCCURRED  WITHIN  EIGHT  DAYS,  BUT 
IN  THE  WOODS  THE  LARGEST  TEMPERATURE  RANGE  DURING  THE  ENTIRE  MONTH  WAS 
ONLY  17  F  DEG. 

H.  The  LOWEST  DAILY  MEAN  TEMPtHATURE  MEASURED  AT  THE  GROUND  SURFACE 
AT  THE  OPEN  STATION  WAS  -15*4  F,  WHILE  AT  THE  WOODS  STATION  IT  WAS  ONLY 
5«5  F,  REFLECTING  THE  PROTECTION  GIVEN  BY  A  DEEP  SNOW  COVER. 

I.  Daily  mean  air  temperatures  at  the  stations  were  within  1  F  deg. 
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TO  2  F  DEG.  MOST  OF  THE  TIME,  AND  FOLLOWED  THE  SAME  FLUCTUATIONS  AND 
PATTERNS  IN  THEIR  DAY-TO-DAY  VARIATIONS. 

j.  Largest  differences  in  daily  mean  temperatures  between  adjacent 
thermocouple  heights  at  each  station  occurred  in  the  snow.  This  was  also 

TRUE  OF  MEAN  HOURLY  TEMPERATURES. 

(1)  In  THE  FOREST,  A  MAXIMUM  DIFFERENCE  OF  3^*5  F  DEG*  OCCURRED 
BETWEEN  DAILY  MEAN  TEMPERATURES  OF  THE  25  CM  AND  7.5  CM  HEIGHTS,  THE 
HIGHER  THERMOCOUPLE  LEVEL  BEING  THE  COLDER. 

(2)  In  the  open,  the  maximum  difference,  35.8  F  deg.,  was 

OBSERVED  BETWEEN  THE  SNOW  SURFACE  (22.1  Cm)  AND  7-5  CM,  THE  HIGHER 
LEVEL  AGAIN  BEING  THE  COLDER. 

k.  Daily  mean  soil  temperature  differences  between  adjacent  heights 

WERE  QUITE  SMALL  AT  EACH  ST A  ION,  LESS  THAN  5  F  DEG. 

l.  Daily  mean  aih  temperature  differences  between  adjacent  heights 

WERE  INSIGNIFICANT  AT  EACH  STATION,  BEING  LESS  THAN  1  F  DEG.  THE  MAJORITY 
OF  THE  TIME. 

m.  Inversions  in  air  temperatures  were  not  apparent,  even  during 

ID-.AL  TIMES  OF  EXTREME  COLD,  CLEAR  SKIES,  CALM  WINDS,  AND  LONG  NIGHTS. 

During  such  periods,  nighttime  air  temperatures  in  the  open  were  generally 

5  F  DEG.  TO  10  f  DEG.  LOWER  THAN  THOSE  OF  THE  FOREST,  PROBABLY  DUE  TO 
THE  LARGER  NET  NOCTURNAL  RADIATION  LOSS  IN  THE  OPEN. 

N.  At  BOTH  STATIONS,  GREATEST  VARIABILITY  OF  DAILY  MEAN  TEMPERATURES 
OCCURRED  IN  THE  AIR,  AND  THE  LEAST  VARIABILITY  OCCURRED  IN  THE  SOIL. 

O.  Low  AIR  AND  SNOW  TEMPERATURES  WERE  MORE  FREQUENT  AT  THE  OPEN 
STATION  THAN  AT  THE  WOQOS  STATION,  DUE  TO  THE  GREATER  NOCTURNAL  RADIATIVE 
COOLING,  WHICH  PRODUCED  A  LARGER  NET  RADI  ATI ONAL  LOSS,  AND  ALSO  DUE  TO 
THE  THINNER  SNOW  COVER  IN  THE  OPEN. 

p.  Cumulated  temperatures  at  the  snow  surface  were  much  larger  at 
THE  OPEN  STATION  THAN  AT  THE  WOODS  STATION,  BUT  IN  THE  AIR  AND  SNOW, 
CUMULATED  TEMPERATURES  WERE  CONSIDERABLY  LESS  IN  THE  OPEN  THAN  IN  THE 
FOREST. 


q.  Differences  in  the  number  of  degree  days  between  the  stations, 

AT  COMPARABLE  THERMOCOUPLE  HEIGHTS  IN  THE  AIR,  WERE  INSIGNIFICANT. 

r.  In  December,  as  in  June,  weather,  such  as  strong  winds,  clouds, 

AND  PRECIPITATION,  TENDED  TO  REDUCE  THE  DIFFERENCES  IN  TEMPERATURES  BE¬ 
TWEEN  THE  STATIONS,  PARTICULARLY  THOSE  OF  THE  AIR  AND  SNOW.  |N  CONTRAST 
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TO  SUMMER  (June),  however,  the  occurrence  of  these  climatic  elements 

SERVED  TO  SUBSTANTIALLY  RAISE  TEMPERATURES  RATHER  THAN  LOWER  THEM. 

s.  Differences  in  globe  temperatures  measured  at  the  stations  were 

INSIGNIFICANTLY  SMALL,  BEING  LESS  THAN  1  F  DEG.  IT  IS  ASSUMED  THAT  THE 
SOLAR  RADIATION  (INSOLATION)  RECEIVED  AT  THE  OPEN  STATION,  WHICH  SERVED 
TO  HEAT  THE  GLOBE  AND  RAISE  THE  TEMPERATURES,  WAS  COMPENSATED  FOR  BY  THE 
COOLING  EFFECT  OF  STRONGER  WINDS  AT  THIS  STATION. 

t.  Mean  hourly  and  mean  monthly  globe  temperatures,  based  on  obser¬ 
vations  MADE  AT  0815,  1315  AND  1 6  30  AST,  WERE  ADOUT  5  f  DLG.  HIGHER  THAN 
200  CM  AIR  TEMPERATURES  IN  THE  FOREST  AND  ABOUT  6  F  DEG.  TO  7  F  DEG. 
HIGHER  IN  THE  OPEN. 

4.  Wind 

The  MODIFYING  INFLUENCE  OF  THE  FOREST  (SPRUCE  TREES)  ON  WIND,  ESPE¬ 
CIALLY  WIND  SPEEDS,  WAS  QUITE  PRONOJNCED.  THE  EFFECT  OF  THE  SPRUCE  TREES 
IN  REDUCING  WIND  SPEEDS  WAS  PARTICULARLY  NOTICEABLE  DURING  TIMES  OF 
MODERATELY  STRONG  WINDS,  FOR  EXAMPLE,  WHEN  WIND  SPEEDS  WERE  TO  20  MPH. 

IN  SUMMER,  AN  INCREASE  IN  WIND  SPEED  MAY  BE  EXPECTED  TO  INCREASE 
EVAPORATION  FROM  THE  GROUND  SURFACE  AND  TO  ALSO  INCREASE  TRANSPIRATION 
FROM  PLANTS. 

a.  In  both  June  and  December,  mean  hourly  wind  speeds  and  daily 
MEAN  WIND  SPEEDS  WERE  SUBSTANTIALLY  LESS  IN  THE  FOREST  THAN  IN  THE  OPEN, 
USUALLY  BEING  ONLY  A  THIRD  AS  STRONG  AS  THOSE  IN  THE  OPEN. 

b.  The  strongest  winds  measured  in  the  forest  were  only  7  to  8 

MPH,  BUT  IN  THE  OPEN,  WINO  SPEEDS  OF  l4  TO  l6  MPH  WERE  RECORDED. 

C.  AT  THE  OPEN  STATION,  STRONGEST  WINDS  OCCURRED  AT  200  CM,  BUT 
AT  THE  WOCOS  STATION  STRONGEST  WINDS  OCCURRED  MOST  FREQUENTLY  AT  30  CM. 

This  was  caused  by  animal  trails  at  the  ground  surface  (in  winter,  in 

THE  snow)  as  WELL  AS  BY  THE  ABSENCE  OF  FOLIAGE  AND  FEWER  BRANCHES  NEAR 
THE  GROUND,  THUS  ALLOWING  FREER  CIRCULATION  OF  AIR  NEAR  THE  GROUND. 

D.  A  DIURNAL  VARIATION  OF  WIND  SPEED  WAS  NOTED  AT  BOTH  THE  200  CM 
AND  38  CM  LEVELS  AT  BOTH  STATIONS,  MAXIMUM  WIND  SPEEDS  GENERALLY  OCCURRING 
NEAR  MIODAY.  THIS  VARIATION  WAS  BETTER  DEVELOPED  IN  THE  OPEN  THAN  IN  THE 
FOREST,  ANO  IN  JUNE  RATHER  THAN  IN  DECEMBER. 

e.  Although  a  greater  percentage  of  calms  occurred  in  the  forest, 

DIFFERENCES  BETWEEN  THE  STATIONS  IN  THE  PERCENTAGE  OF  HOURS  WITH  CALMS 
WERE  MUCH  LARGER  AT  THE  200  CM  LEVEL  THAN  AT  THE  30  CM  LEVEL.  In  DECEM¬ 
BER,  FOR  EXAMPLE,  CALMS  WERE  MORE  THAN  TWICE  AS  FREQUENT  AT  200  CM  IN 
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THE  FOREST  ( /4  PERCENT  COMPARED  WITH  35  PERCENT)  WHEN  COMPARED  WITH  200  CM 
IN  THE  OPEN.  AT  30  CM,  HOWEVER.  CALMS  OCCURRED  ABOUT  5^  PERCENT  OF  THE 
TIME  IN  THE  FOREST  COMPARED  TO  '|3  PERCENT  IN  THE  OPEN. 

f.  Greatest  differences  between  the  stations,  at  both  the  200  cm  and 

30  CM  LEVELS,  OCCURRED  DURING  PERIODS  OF  STRONGER  WINDS.  FROM  MEASUREMENTS 
MADE  DURING  THIS  STUDY,  DURING  SIMILAR  STUDIES  AT  FORT  CHURCHILL,  CANADA, 
AND  FROM  PERSONAL  OBSERVATIONS,  IT  IS  BELIEVED  THAT  WINDS  STRONGER  THAN  10 
MPH  WILL  OCCUR  VERY  INFREQUENTLY  IN  THE  SUBARCTIC  TAIGA,  ALTHOUCH  WINDS  AT 
EXPOSED  LOCATIONS  IN  THE  OPEN  MAY  REACH  SPEEDS  IN  EXCESS  OF  40  OR  50  MPH. 

g.  In  both  June  and  December,  the  run  of  the  wind  and  resultant  run 

OF  THE  WIND,  WERE  SMALLER  FOR  THE  WOODS  STATION  THAN  FOR  THE  OPEN  STATION 
AT  BOTH  200  CM  AND  30  CM,  BUT  THE  DIFFERENCES  BETWEEN  THE  30  CM  LEVELS 
WERE  SMALL  COMPARED  WITH  TrtuSL  I  OR  THE  200  CM  LEVELS. 

H.  The  STEADINESS  RATIO  WAS  MUCH  GREATER  AT  EACH  LEVEL  AT  THE  WOODS 
STATION  (EXCEPT  IN  JUNE,  AT  200  CM,  WHEN  CALMS  WERE  FREQUENT)  THAN  AT 
THE  OPEN  STATION.  THE  EXTREMELY  HIGH  VALUES  FOR  DECEMBER,  PARTICULARLY 
AT  THE  WOODS  STATION  (96  PERCENT  FOR  200  CM  AND  82  PERCENT  FOR  30  Cm)  , 

WERE  ESPECIALLY  SIGNIFICANT, 

5*  W_[ND  AND  TEMPERATURE 


a.  In  June,  thl  wind-temperature  combination  was  not  important,  but 
in  December,  the  forest  provided  protection  from  the  combined  effects  of 
wind  and  low  temperatures.  In  the  open,  for  example,  winds  of  4  TO  7  MPH 
OCCURRED  34  TIMES  AT  200  CM  and  42  TIMES  AT  30  cm  in  combination  with 
TEMPERATURES  OF  -30  F  TO  -34  F,  BUT  IN  THE  FOREST  THIS  COMBINATION  DID  NOT 
OCCUR  AT  EITHER  HEIGHT.  INDEED,  IN  THE  FOREST.  WIND  SPEEDS  GREATER  THAN 

3  MPH  OCCURRED  ONLY  26  TIMES  AT  200  CM  AND  32  TIMES  AT  30  CM  DURING  THE 
MONTH  IN  COMBINATION  WITH  TEMPERATURES  OF  -10  F,  OR  LOWER. 

b.  In  December,  wi nochill  was  much  greater,  at  both  200  cm  and  30 

CM,  IN  THE  OPEN  WHEN  COMPARED  TO  THE  FOREST.  The  FOREST,  THEREFORE,  WILL 
SERVE  TO  EFFECTIVELY  REDUCE  HEAT  LOSS  FROM  ANY  RELATIVELY  WARM  HEAT  SOURCE 
DURING  WINDY  PERIODS  WHEN  TEMPERATURES  ARE  LOW. 

c.  In  December,  at  200  cm  and  30  cm  in  the  forest,  and  at  30  cm  in 

THE  OPEN,  WINDS  WERE  USUALLY  CALM,  OR  NEAR-CALM,  WHEN  TEMPERATURES  WERE 

Belov/  -20  F.  At  200  cm  in  the  open,  however,  winds  or  I  to  J  mph  were 

AS  FREQUENT  AS,  OR  MORE  FREQUENT  THAN,  CALMS  DURING  TIMES  Or  LOW  TEMPERA¬ 
TURES. 


139 


REFERENCES 


ADFRIKHIN;  P.  G-  '952>  WARMING  OF  THE  SOIL  DY  CHANGING  ITS  COLOR  (TITLE 

trams.)*  Item  27,654,  Arctic  Bibliography,  Dept,  of  Defense,  Wash., 

D.  C«,  VOL.  P  *  . 

ALGREN,  A.  B.  1 9^+9 *  Ground  temperatures  as  affected  by  weather  conditions. 
Heating,  Piping  and  Air  Conditioning,  vol.  21,  p.  111-16. 

ALTER,  J.  C.  1937-  Shielded  storage  precipitation  gages.  Monthly 
Weather  Rev.,  vol.  65,  p.  262-65* 

ANDERSON,  HENRY  W.  1 9^7 -  Soil  freezing  and  thawing.  J.  of  Forestry, 
vol  45,  p.  94-101. 

ANDERSON,  LOIS.  1955*  Variability  of  monthly  mean  temperature.  Tech. 

Rpt.  EP-16,  Env.  Prot.  Res.  Div.,  QM  R&D  Command,  Natick,  Mass. 


BALCHIN,  W.  G.  V.,  and  PYE,  NORMAN.  1950*  Observations  on  local  tempera¬ 
ture  variations  and  plant  responses.  J.  of  Ecology,  Cambridge  Univ. 
Press,  vol.  38,  p.  345*53* 

BAUM,  WERNER  A.  1948a.  Microclimatic  instrijmfntr  and  methods,  an  anno¬ 
tated  BIBLIOGRAPHY.  PART  i,  THE  CLIMATE  OF  THE  SOLDIER,  EnV.  PROT. 

Series  Rpt.  124,  OQMG,  Wash.,  D.  C. 

_ .  1948b.  Microclimatic  investigations,  a  bibliography. 

Part  II,  The  climate  of  the  soldier,  Env.  Prot.  Series  Rpt.  124, 

OQMG,  Wash.,  D.  C. 

_ .  1949*.  Vertical  tempera*  re  distribution  surrounding  the 

soldier.  Part  III,  The  climate  of  the  soldier,  Env.  Prot.  Series 
Rpt.  124,  OQMG,  Wash.,  D.  C. 

_ .  1949b.  On  the  relation  between  mean  temperature  and  height 

IN  TIT  LAYER  OF  AIR  NEAR  THE  GROUND.  ECOLOGY,  VOL.  $0,  P.  104-07« 

_ ,  and  COURT,  A.  1949*  Research  status  and  needs  in  microcli- 

MATOLOGY.  TRANS.,  Am.  GeOPHYS.  UNION,  VOL.  3°>  488-93. 


BAY,  C.  E.,  WUNNECKE,  G.  W. ,  and  HAYS,  0.  E.  1952*  Frost  penetration 

INTO  SOILS  AS  INFLUENCED  BY  DEPTH  OF  SNOW,  VEGETATION  COVER.  AND 
AIR  TEMPERATURE.  TRANS.,  Am.  GEOPHYS.  UNION,  VOL.  33>  p*  541-46. 


BECKEL,  D.  K.  BRCWN.  1957*  Studies  of  seasonal  changes  in  the  tempera¬ 
ture  GRADIENT  OF  THE  ACTIVE  LAYER  OF  SOIL  AT  FORT  CHURCHILL,  MANITOBA. 
Arctic,  vol.  10,  p.  151-83. 


i4o 


BEDFORD.  T.,  and  WARNER,  C.  G.  1 93^ *  Thl  globe  thermometer  in  studies 
OF  HEATING  AND  VENTILATION.  J.  OF  HYGIENE,  CAMBRIDGE  llNIV.  PRESS, 

VOL.  34,  P.  458-73. 

BELOTELKIN,  K.  T.  1 94l  -  Soil-freezing  and  forest-cover.  Trans.,  Am. 
Geophys.  Union,  vol.  22,  p.  173-75* 

BENSIN,  BASIL  M.  1951  •  Created  microclimate  for  growing  warm-season 

VEGETABLES  WITH  SOLAR  REFLECTORS  AND  RADIATORS  IN  ALASKA.  SCIENCE 
iN  Alaska,  Proc.,  Second  Alaska  Science  Conference,  College,  Alaska, 
p.  272-73. 

_ •  1952.  AGROCLI MATOLOGI CAL  INVESTIGATIONS  IN  THE  PERMAFROST 

REGION  OF  THE  TANANA  VALLEY,  ALASKA.  SCIENCE  IN  ALASKA,  PROC., 

Third  Alaska  Science  Conference,  College,  Alaska,  p.  197-218. 

BIEL,  E.  R.,  HAVENS,  A.  V.,  and  SPRAGUE,  M.  A.  1955*  Some  extreme  tem¬ 
perature  FLUCTUATIONS  EXPERIENCED  BY  LIVING  PLANT  TISSUE  DURING 

winter  in  New  Jersey.  Bull.,  am.  Met.  Soc.,  vol.  36,  p.  159-62. 

BILLINGS,  W.  D.,  and  MORRIS,  R.  J.  1 951 •  Reflection  of  visible  and  in¬ 
frared  RADIATION  FROM  LEAVES  OF  DIFFERENT  ECOLOGICAL  GROUPS.  Am. 

J.  Botany,  vol.  p*  327-31* 

BLACK,  R.  F.  1951 *•  Eolian  deposits  of  Alaska.  Arctic,  vol.  4,  p.  89-III. 

_ •  1951b.  Permafrost.  Smithsonian  Inst.  Ann.  Rpt.,  Wash., 

BTC7,  p.  273-302. 

195^*  Precipitation  at  Barrow,  Alaska,  greater  than  recorded. 
Trans.,  Am.  Geophys.  Union,  vol.  35,  p.  203-06. 

BLAGOVIDOV,  N.  L.  1935*  Quaternary  deposits,  the  climate  and  soils  of 
Tyung  River  basin,  Yakut  A.S.S.R.  (Title  trans.).  Item  1,690, 

Arctic  Bibliography,  Dept,  of  Defense,  Wash.,  D.  C.,  vol.  1,  p.  282. 

BLISS,  L.  C.  1956*  A  comparison  of  plant  development  in  microenvironments 
of  arctic  and  alpine  tundras.  Ecol.  Mono.,  vol.  26,  p.  303-3/. 

QOUGHNER,  C.  C.,  and  THOMAS,  M.  K.  195&*  Climatic  index  for  assessing 

THE  UNFAVOURABLE  ASPECTS  OF  CANADIAN  CLIMATE.  PAPER  READ  BEFORE, 

the  Conference  on  Climatology,  i48th  National  Meeting,  Am.  Met.  Soc., 
Asheville,  N.  C. 

BOUYOUCOS,  GEORGE  J.  1913*  An  investigation  of  soil  temperature  and 
some  of  the  most  important  factors  influencing  it.  Tech.  Bull. 

No.  17,  Mich.  Agri.  Coll.,  East  Lansing,  Mich. 


_ .  1916.  Soil  temperature.  Tech.  Bull.  No.  26,  Mich.  Agri. 

Coll'. ,  Cast  Lansing,  Mich. 

BROOKS.  C.  F.  1Q2B.  Thf  corn  I ng  of  man  iiwnrp  yAPjOUS  weather  CONDITIONS. 
Monthly  Weather  Rev.,  vol.  53>  p*  423-26. 

193oa.  Need  for  universal  standards  for  measuring  precipi- 
t'atToN,  SNOWFALL  AND  SNOWCOVER.  BULL.  23,  INTL.  ASSOC.  HYDROL., 

Riga,  p.  1-52. 

.  19380.  Wind-shields  for  precipitation  gages.  Trans.,  Am. 

Geophys.  Union,  Fart  !!,  vol.  19,  p.  539-42. 

_ .  1940.  Further  experience  with  shielded  precipitation  gages 

on  Blue  Hill  and  Mount  Washington,  Trans.,  Am.  Geophys.  Union, 

Part  II,  vol.  21,  p.  482-35. 


BROOKS,  F.  A.  1950.  Thermal  interpretation  of  spot  climate  operation. 
Univ.  of  California,  Davis,  Ca.if. 

BRUNT,  DAVID.  1 945 .  Some  factors  in  micro-climatology.  Quarterly  J. 
Royal  Meteor.  Soc.,  vol.  71,  p.  1-10. 

_ .  1946.  Some  factors  in  micro-climatology.  Quarterly  J.  Royal 

Meteor.  Soc.,  vol.  <2,  p.  185-89* 

CARLSON,  L.  D.  1954*  Man  in  cold  environment  -  a  study  in  physiology. 
Arctic  Aeromedical  Laboratory,  Ladd  AFB,  Alaska  Air  Command,  Fair¬ 
banks,  Alaska. 


CHANG,  JEN-HU.  1957*  Study  of  ground  temperatures.  Thf  Harvard  Blue 
Hill  Observatory,  Harvard  University.  Contract  report  completed 
for  QM  R&D  Command,  Natick,  Mass. 


CHEREPANOV,  _ .  1933*  Temperature  under  the  snow  cover. 

Card  /QQ9,  SIPRE,  Corps  of  Engineers,  Wilmette,  III. 


SIPRE  Abstract 


CONOVER,  JOHN.  i960.  Macro-  and  microclimatology  of  the  Arctic  Slope 

of  Alaska,  ihe  Harvard  Blue  Hill  meteorological  Observatory,  Harvard 
University  (in  tress,  QM,  R&E  Center). 


CONNAUGHTON,  C.  A.  1935.  The  accumulation  and  rate  of  melting  snow  as 
influenced  by  vegetation.  J.  of  Forestry,  vol.  33>  p*  564-69* 

CONRAD,  VICTOR.  1942.  Fundamentals  in  physical  climatology.  Harvard 
Univ.  Press,  Cambridge,  Mass. 


142 


,  and  POLLAK,  L.  1950.  Methods  in  climatology.  Harvard  (Jniv. 

pR l 5 5 ,  CamdRiOGLj  i’Ihjo* 

COOK,  FRANK  A.  1955*  Near  surface  soil  temperature  measurements  at 
Resolute  Bay,  Northwest  Territories.  Arctic,  vol.  3,  p.  237-49* 

COURT.  ARNOLD.  1948a.  Windchill.  Bul.,  Am.  Met.  Soc.,  vol.  29,  P. 

487-93. 

1950*  Climate,  insects  and  man  hi  Alaska.  Paper  presented 
at  First  Alaska  Science  Conference,  Wash.,  D.  C.  (unpublished). 

DAN  I SHEVSK 1 1 ,  G.  M.  1955*  Human  acclimatization  in  the  north  (Title 

trans.).  Item  39,^54,  Arctic  Bibliography,  Dept,  of  Defense,  Wash., 
D.  C.,  vol.  7,  p.  173-74. 

DANSEREAU,  PIERRE.  1955*  Biogeography  of  the  land  and  the  inland  waters. 
Geography  of  the  Northlands,  Chap.  5,  Eds.  G.  Kimble  and  D.  Good. 

Am.  Geog.  Soc.  Spec.  Pub.^,  John  Wiley  &  Sons,  N.  Y.,  p.  84-118. 

de  PERCIN,  r.,  FALKOWSKI,  S.,  and  MILLER,  R.  1955.  Handbook  of  Big 
Delta,  Alaska,  environment.  Tech.  Rpt.  EP-5,  Env.  Prot.  Div.,  QM 
R&D  Command,  Natick,  Mass. 

_ ,  and  FALKCWSK I ,  S.  1 95^-  Frequencies  of  selected  low  tempera¬ 
tures  in  Alaska.  Monthly  Weather  Rev.,  vol.  84,  p.  207-18. 

_ •  1956*  A  topoclimatic  study.  Fort  Churchill,  Canada.  Tech. 

ftp T.  E P-38,  Env.  Prot.  Res.  Div.,  QM  R&D  Command,  Natick,  Mass. 

_ ,  and  PARMELE,  0.  i960.  Frequencies  and  durations  of  tempera¬ 
tures,  Big  Delta,  Alaska.  Tech.  Rpt.  EP-422,  Env.  Prot.  Res.  Div., 

QM  R&.E  Command,  Natick,  Mass. 

DIKE,  P.  H.  1954.  Thermoelectric  thermometry.  Tech.  Pub.  EN-33A(l), 
Leeds  &.  Northrup  Co.,  Philadelphia,  Pa. 

DODD,  ARTHUR.  195°*  Temperature  distribution  in  the  microclimatic  layer. 
MSc.  Thesis,  Pennsylvania  State  College,  State  College,  Pa. 

DORNO,  C.  1926.  Papers  on  the  relation  of  the  atmosphere  to  human  com¬ 
fort.  Monthly  Weather  Rev.,  vol.  54,  p.  39"^3* 

DUFF,  C.  M.,  and  DIEHL,  D.  M.  1952*  Duration  of  extremely  low  tempera¬ 
tures  at  Big  Delta  Air  Force  Base.  Project  52-7-1,  HQ.,  7th  Weather 
Group,  USAF,  Anchorage,  Alaska. 


143 


DUNKLE,  R.  V.,  and  GIER,  J.  T.  1 953*  Radiation  in  a  diffusing  medium 
WITH  APPLICATION  TO  SNOW.  INSTITUTE  OF  ENGINEERING  RESEARCH,  UN  I V . 
of  California,  Rprki-i  rv.  Calif. 

DYER,  J.  GLENN.  1955*  Meteorology  and  climatology.  Pressing  scientific 

PROBLEMS  OF  THE  NORTH.  THE  ARCTIC  INSTITUTE  Of  NORTH  AMERICA, 

Montreal,  Canada,  p.  16-20. 

EHRLICH,  A.  1953*  Note  on  local  winds  near  Big  Delta,  Alaska.  Bull., 

Am.  Met.  Soc.,  vol.  34,  p.  l8l-82. 

ELSNER,  R.  W.,  and  PRUITT,  W.  0.,  JR.  1959*  Some  structural  and  thermal 

CHARACTERISTICS  OF  SNOW  SHELTERS.  ARCTIC,  AINA,  VOL.  12,  P.  20-27. 

EVANS,  JAMES.  1 957 •  The  big  weather  book  -  a  local  forecast  study  for 
Fort  Greely,  Alaska.  Detachment  6,  HQ.,  7th  Weather  Group,  USAF, 
Anchorage,  Alaska. 

FALKCWSK I ,  S.,  and  HASTINGS,  A.  1958.  Windchill  in  the  Northern  Hemi¬ 
sphere.  Tech.  Rpt.  EP-82,  Env.  Prot.  Res.  Div.,  QM  R&E  Command, 
Natick,  Mass. 

FERGUSSON,  S.  P.  'i 937 •  The  measurement  of  humidity  at  low  temperatures. 
Bull.,  Am.  Met.  Soc.,  vol.  18,  p.  380-81 . 

FORMOZOV,  A.  N.  1946.  Snow  cover  as  an  environmental  factor  and  its 
IMPORTANCE  IN  THE  LIFE  OF  MAMMALS  AND  BIRDS  OF  THE  U.S.S.R.  ITEM 

21,87c,  Arctic  Bibliography,  Dept,  of  Defense,  Wash.,  D.  C.,  vol.  4, 

p.  302. 

FRANKLIN,  T.  BEDFORD.  1919*  The  effect  of  weather  changes  on  soil  tem¬ 
peratures.  Proc.,  Royal  Sgciliy  at  Edinburgh,  vol.  h,  p.  56-79* 

GEIGER,  RUDOLF.  1957*  The  climate  near  the  ground.  Trans,  by  Stewart, 

M.  N.,  and  others.  Harvard  Univ.  Press,  Cambridge,  Mass. 

GLOYNE,  R.  W.  1950*  An  examination  of  some  observations  of  soil  tempera¬ 
tures.  J.  British  Grassland  Soc,,  vol.  5,  (*•  157 -77 • 

HARE,  F.  KENNETH.  1955*  Dynamic  and  synoptic  climatology.  Annals,  AAG, 
VOL.  45,  p.  152-62. 

HARRINGTON,  E.  L.  1 92S.  Soil  temperatures  in  Saskatchewan.  Soil  Sci., 

VOL.  25,  P.  183-94. 

HASTINGS,  ANDREW  H.  1959*  Climatic  analogs  of  Fort  Greely,  Alaska  and 
Fort  Churchill,  Canaoa  in  North  America.  Tech.  Rpt.  EP-111,  Env. 
Prot.  Res.  Div.,  QM  R&E  Command,  Natick,  Mass. 


1 44 


HAY,  WILLIAM  W.  19^5*  Climatic  criteria  defining  efficiency  limits  for 

CERTAIN  INDUSTRIAL  ACTIVITIES.  Di'PT.  OF  GEOGRAPHY,  UNIV.  OF  ILLINOIS, 
Champagne,  III. 

HAWKE,  E.  L.  1955.  Dominant  north  winds  in  Thanet.  Weather,  vol.  10. 
p.  240. 

HIDE,  J.  C.  1943*  A  GRAPHIC  PRESENTATION  OF  TEMPERATURES  IN  THE  SURFACE 
FOOT  OF  SOIL  IN  COMPARISON  WITH  AIR  TEMPERATURES.  PROC.  1942,  SOIL 
Sci.  Soc.  of  America,  p.  31 -35 . 

HOLMES,  G.  W.,  and  BENNINGHOFF,  W.  S.  1951*  Terrain  study  of  the  Army 
TEST  AREA.  FORT  GREELY,  ALASKA.  MILITARY  GEOLOGY  BRANCH,  USGS, 

Wash.,  D.  C. 

HOPKINS,  D.  M.,  and  Others.  1955*  Permafrost  and  ground  water  in  Alaska. 
Geol.  Sur.  Prof.  Paper  264-F,  USGS,  Wash.,  D.  C. 

HORN,  LEON.  1 95^ •  Summary  of  information  on  soil  temperatures.  N53 
Rpt.  5A120,  Natl.  Bur.  Standards,  Wash.,  D.  C. 

HORTON,  R.  E.  1919.  Rainfall  interception.  Monthly  Weather  Rev.,  vol. 

4y,  p.  603-23. 

HUSTICH,  I.  1953.  The  boreal  limits  of  conifers.  Arctic,  vol.  6, 
p.  149-62. 

JACKMAN,  A.  H.  1953.  Physiography  of  the  Big  Delta  region,  Alaska. 

Ph.D.  thesis,  Clark  University,  Worcester,  Mass. 

JOHNSON,  H.  A.  1953*  Present  and  potential  agricultural  areas  in  Alaska. 
Bull.  15,  Alaska  Experimental  Station,  Palmer,  Alaska. 

JOHNSON,  H.  M.  1957*  Winter  microclimates  of  importance  to  Alaskan 
SMALL  MAMMALS  AND  BIROS.  AAL  TECH.  RpT.  57-2,  ARCTIC  AEROMEDICAL 
Laboratory,  Alaskan  Air  Command,  Ladd  AFB,  Fairbanks,  Alaska 

KELLOG,  C.  E.,  and  NYGARD,  I.  J.  1951*  Report  on  exploratory  investiga¬ 
tions  of  agricultural  problems.  Chap.  2,  Misc.  Pub.  700,  Agric. 

Res.  Aomin.,  Dept,  of  'Agric.,  Wash.,  D.  C. 

KROG,  JOHN.  1955*  Notes  on  temperature  measurements  indicative  of 

SPECIAL  ORGANIZATION  IN  ARCTIC  AND  SUBARCTIC  PLANTS  FOR  UTILIZATION 
OF  RADIATED  HEAT  FROM  THE  SUN.  PHYSIOLOGIA  PLANTARUM,  VOL,  8, 

P.  836-39. 

KUCHLER,  A.  W.  1953*  World  —  natural  vegetation.  In:  Goode's  World 
Atlas,  Rand  McNally  &.  Co.,  Chicago,  III. 


145 


KURTYKA,  JOHN  C.  1953*  Rain  and  snow  gaging  methods.  Precipitation 

MEASUREMENTS  STUDY ,  RPT .  OF  INVESTIGATION  20,  ILLINOIS  STATE  WATER 
Survey  Di  v.,  p.  3-62. 

LAUSCHER,  F.,  and  SCHWABL,  W.  193^-  Untersuchungen  Ober  die  Helligkeit 
im  Wald  und  am  Waldrand.  Bioklimatische  BeiblXtter  der  Metedrolog- 
ISCHEN  ZtlTSCHRIFT,  VOL.  1,  P.  uO-Gj. 

LEE,  D.  H.  K.,  and  LEMONS,  HOYT.  1 9^9 *  Clothing  for  global  man.  Geog. 
Rev.,  vol.  39,  p.  101-213. 

LI,  TSI -TUNG.  1926.  Soil  temperature  as  influenced  by  forest  cover. 

Bull.  18,  School  of  Forestry,  Yale  Univ.,  New  Haven,  Conn. 

LILJEQUIST,  G.  H.  1 95^ *  Radiation,  and  wind  and  temperature  profiles 

OVER  AN  ANTARCTICA  SNOW-FIELD  -  A  PRELIMINARY  NOTE.  PROC.,  TORONTO 

Meteor.  Conference  1 953,  Royal  Meteor.  Soc.,  London,  p.  78-87. 

LUTZ,  H.  J.  1956*  Ecological  effects  of  forest  fires  in  the  interior 
of  Alaska.  Tech.  Bull.  1133*  Dept,  of  Agric.,  Wash.,  D.  C. 

MACDONALD,  T.  1951-  Measurement  of  solar  radiation  in  the  Arctic.  Bull., 
Natl.  Res.  Council,  Wash.,  D.  C. 

MACKAY,  J.  ROSS.  19^5.  Physiography.  Chap.  2,  Geography  of  the  North¬ 
lands,  Eds.  G.  Kimble,  and  D.  Good,  Am.  Geog.  Soc.  Spec.  Pub.  32, 
John  Wiley  A  Sons,  N.  Y.,  p.  II-3.5. 

MATHER,  J.  R.,  and  THORNTHWAITE,  C.  W.  195 6.  microclimatic  investigations 
at  Point  Barrow,  Alaska,  1956*  Publications  in  Climatology,  Labora¬ 
tory  of  Climatology,  Drexel  Inst,  of  Tech.,  Centerton,  N.  J. 

MEIGS,  P.,  and  de  PERCIN,  F.  1957*  Frequency  of  cold-wet  climatic  condi¬ 
tions  in  the, Unitec  States.  Monthly  Weather  Rev.,  vol.  85,  p.  45-52. 

MENDENHALL,  W.  C.  1 698.  A  reconnaissance  from  Resurrection  Bay  to  the 
Tahana  River,  Alaska,  in  1898.  Part  VII,  Explorations  in  Alaska  in 
1898,  20th  Ann.  Rpt.,  USGS,  Wash.,  D.  C.,  p.  2o5-34o. 

MERRIAM,  C.  HART.  1894.  Laws  of  temperature  control  of  the  geographic 
distribution  of  terrestrial  animals  and  plants.  Natl.  Geog.  Mag., 

VOL.  6,  P.  229 -38. 

MERTIE,  J.  B.,  JR.  1937-  The  Yukon-Tanana  region,  Alaska.  Bull.  872, 
USGS,  Wash.,  D.  C. 

MIDDLETON,  W.  E.  KNCWLES,  and  SPILHAUS,  A.  F.  1953*  Meteorological  in¬ 
struments.  Univ.  of  Toronto  Press,  Toronto,  Canada. 


MILLER,  AUSTIN.  1 95^ *  Climatic  requirements  of  some  major  vegetational 

FORMATIONS.  THE  ADVANCEMENT  OF  SCIENCE,  VOL.  (,  P-  90-94. 

_  1951 .  Three  new  climatic  maps.  Pub.  17,  Trans,  and  Papers 

1951,  Institute  of  British  Geographers,  p,  15-20. 

MILLER,  DAVID  H.  195&A*  The  influence  of  open  pine  forest  on  daytime 
temperature  in  the  Sierra  Nevada.  Geog.  Rev.,  vol.  46,  p.  209-18. 

_ .  1956b.  The  influence  of  snow  cover  on  local  climate  in 

Greenland,  j.  of  Meteor.,  vcl.  13,  p.  112-20. 

MITCHELL,  J.  M.,  JR.  1955*  Winds  at  Big  Delta.  Tech.  Memo.  7,  HQ., 

7th  Weather  Group,  USAF,  Anchorage,  Alaska. 

MILLER,  F.  1957*  Radiation  comparisons  at  Hamburg.  World  Meteor.  Organ 
Bull.,  World  Meteor.  Organ.,  vol.  6,  p.  1 3-1 6. 

MULLER,  SIEMON  W.  1944.  Permafrost.  Instructions  for  measuring  ground 
TEMPERATURES.  Al R  INSTALLATION  DlV.,  HQ.,  ALASKAN  DlV.,  IJSAAF, 
Anchorage,  Alaska. 

NECHAEV,  I.  N.  1953*  Methods  of  temperature  observations  on  a  snow  sur¬ 
face.  Trans.  N.  T.  Sikejew,  SIPRE  Bibliography  Project,  Library  of 
Congress,  Wash.,  D.  C. 

OLIVER,  V.  J.  and  OLIVER,  M.  V.  1 9^9 -  Ice  F0GS  ,N  the  interior  of 
Alaska.  Bull.,  Am.  Met.  Soc.,  vol.  30,  p.  23-26. 

OLMSTEAD,  FRANK  R.  1952*  Needed  research  pertaining  to  frost  action. 

Frost  Action  in  Soils  -  A  Symposium.  Spec.  Rpt.  2,  Rpt.  of  question 

N AIRE  OH  RESt-ARCH  NEEDS,  HIGHWAY  RESEARCH  BOARD,  NATL.  ACADEMY  OF 

Sciences,  Natl.  Res.  Council,  Wash.,  D.  C.,  p.  373-75- 

OVINGTON,  J.  D.,  and  MADGWtCK,  H.  A.  I.  1955*  A  comparison  of  light  in 
DIFFERENT  WOODLANDS.  FORESTRY,  OOC.  OF  FORESTERS  OF  GREAT  BRITAIN, 

vol.  26,  p.  i4i-46. 

PALMER,  L.  J.  1940.  Interior  buffalo.  Fish  and  Wildlife  Service,  Dept, 
of  Interior,  Wash.,  D.  C.  (unpublished). 

PENNDORF,  RUDOLF.  1956*  Luminous  reflectance  (visual  albedo)  of  natural 
objects.  Bull.,  Am.  Met.  Soc.,  vol.  37>  p*  l42-44. 

PEWE.  TROY  L.  1951  *  An  observation  cf  windblown  silt.  J.  of  Geol., 
vol,  59,  p.  399401 


147 


_ •  1955**  Terrain  intelligence  study,  Delta  River  District, 

Alaska.  Mil.  Gcol.  Branch,  USGS,  Wash.,  D.  C.  (unpublished). 

_ •  '955s*  Middle  Tanana  Valley.  In:  Permafrost  and  ground 

water  in  Alaska,  by  D.  Hopkins,  T.  Kari  stpA'm,  and  others.  Poor. 
Paper  264-F,  USGS,  Wash.,  D.  C.,  p.  126-30. 

_ i  and  others.  1953.  Multiple  glaciation  in  Alaska.  Geol. 

Surv.  Cir.  28n,  USGS,  Wash.,  D.  C..,  p.  8-10. 

PRU!TT,  W.  0.,  JR.  1957.  Observations  on  the  bioclimate  of  some  taiga 
mammals.  Arctic,  vol.  10,  p.  131-38. 

RAE,  R.  W.  1954.  Meteorological  activities  in  the  Canadian  Arctic. 

Arctic,  vol.  7,  p.  119-28. 

RAMDAS,  L.  A.  1957*  Natural  and  artificial  modification  of  microclimate. 
Weather,  vol.  12,  p,  237 -4o* 

RAUP,  HUGH  M.  1 945a.  Vegetation  along  the  Alaska  Highway  and  North 
Pacific  coast.  J.  New  York  Botanical  Garden,  vol.  46,  p.  1 7 1 -9 1 . 

_ _ _ •  1945b*  Forests  and  gardens  along  the  Alaska  Highway.  Geog. 

Rev.,  vol.  35,  p.  22-48. 

REUTER,  H.  1948.  0  ER  die  Thecrie  des  WUrmehaushaltes  einer  Schneedecke. 

Archiv  f(Jr  Metec  Geophysik  und  Bioklimatische,  vol.  1,  p.  62-92. 

REVESMAN,  S.,  HOLLIS,  J.  R.,  AND  MATTSON,  J.  B.  1953*  A  LITERATURE 

SURVEY  OF  HUMAN  F  RFORMANCE  UNDER  ARCTIC  ENVIRONMENT.  TECH.  MEMO.  6, 

Res.  &.  Dev.  Div.,  Human  Eng.  Lab.,  Aberdeen  Proving  Ground.  Ordnance 

Aaaaaa...  I  . 

\r  nD(.iu/c.Lii;  I’  •  • 

RIDER,  N.  E.  1957.  A  ,  dte  on  the  physics  of  soil  temperature.  Weather, 
vol,  12,  p.  241  -46. 

RIKHTER,  G.  D.  1 95° •  Slow  cover,  its  formation  and  properties.  Trans. 

W.  Mandel,  SIPRE,  Curps  of  Engineers,  U.  S.  Army,  Wilmette,  III. 

ROBERTS,  R.  H.  1943.  The  role  of  night  temperature  in  plant  performance. 
Science,  vol.  yQ,  p.  265. 

ROBERTS,  PALMER  W.  1 943-  The  importance  of  cold  weather  engineering  in 

THE  SUPPORT  OF  ARCTIC  OPERATIONS.  MSC  THESIS,  NORTHWESTERN  TECH.  INST. 

ROBINSON,  ELMER,  and  BELL,  GORDON,  JR.  1956*  Low-level  temperature 
structure  under  Alaskan  ice  fog  conditions.  Bull.,  Am.  Met.  Soc., 
vol.  37,  p.  506-13. 


1 48 


ROHSENOW,  W.  M.,  and  VAN  ALSTYNE,  P.  C.  1 95^ *  An  analysis  of  errors  in 
GROUND  AND  AIR  TEMPERATURE  MEASUREMENT.  FROST  INVESTIGATIONS,  FISCAL 

Year  1954,  Arctic  Construction  and  Frost  Effects  Laboratory,  Corps 
of  Engineers,  Boston,  Mass. 

ROZANOV,  P.f  AND  SPASKII,  V.  1 947 .  Climate  (Title  trans.).  Item  25,699, 
Arctic  Bibliography,  Dept,  of  Defense,  Wash.,  D.  C.,  vol.  4,  p.  897. 

SALISBURY,  E.  J.  1939 .  Ecological  aspects  of  meteorology.  Quarterly  J. 
Royal  Meteor.  Soc.,  vol.  65,  p.  337-53. 

SAPuZHNIKOV,  A.  A.  1947.  Some  results  of  stationary  observations  on 

WIND  VELOCITY  AND  AIR  TEMPERATURE  IN  THE  AIR  LAYER  NEAR  THE  GROUND 

(Title  trans.).  Item  3 1  ^ 7 ^7 >  Arctic  Bibliography,  Wash.,  D.  C., 
vol.  5,  p.  743. 


_ •  1953*  What  happens  on  the  ground  (Title  trans.).  Item 

37,221,  Arctic  Bibliography,  Dept,  of  Defense,  Wash.,  D.  C.,  vol.  6, 
p.  /21 . 

SAUBERER,  F.,  and  TRAPP,  E.  193^ *  Hell i gke i tsmessungen  in  einem  Flaum- 
ei chenbuschwald.  Bioklimatische  Be i bl Utter  der  Meteorologi schen 
Zeitschrift,  vol.  4,  p.  28-32. 

SCHILLING,  H.  K.,  and  others.  19*6.  On  micrometeorology.  Am.  J.  Physics, 
vol.  14,  p.  3*3-53. 


SHELESNYAK,  M.  C.  195°*  the  Arctic  as  a  strategic  scientific  area. 
Problems  of  the  Arctic,  Joint  Seminar  of  the  Arctic  Institute  of 
North  America  and  the  Isaiah  Bowman  School  of  Geography,  The  Johns 
Hopkins  University,  Baltimore,  Md.  (Mimeographed). 

SHREVE,  FORREST.  1924.  Soil  temperature  as  influenced  by  altitude  and 

SLOPE  EXPOSURE.  ECOLOGY,  VOL.  5,  P.  128-36. 

SIPLE,  PAUL  A.,  and  PASSEL,  C.  F.  1945*  Measurements  of  dry  atmospheric 
COOLING  IN  SUBFREEZING  TEMPERATURES.  PROC.,  Am.  PHILOSOPHICAL  SOC., 
VOL.  89,  P.  177-99. 


SISSENWINE,  NORMAN.  1 95 1  -  Heating  requirements  in  the  Arctic.  Spec. 
Rpt,  48,  Env.  Prot.  Sec.,  OQMG,  Wash.,  D.  C. 


_ ,  AND  COURT,  A.  1950. 

OF  COMBAT  ITEMS.  SPEC.  RPT. 


Snow  and  wind  loads  affecting  the  design 
No.  45,  Env.  Prot.  Sec.,  OQMG,  Wash.,  D.  C. 


_ -  1951.  Climatic  extremes  for 

Env.  Prot.  Br.,  OQMG,  Wash.,  D.  C. 


Rpt.  1 46, 


MILITARY  EQUIPMENT. 


SMITH,  ALFRED.  1 929 a-  Daily  and  seasonal  air  and  soil  temperatures  at 
Davis,  California.  Hilcaruia,  vol.  4,  p.  77 -112. 

.  1929b.  Comparisons  of  daytime  and  nighttime  soil  and  air 

temperatures.  Hilgardia,  vol.  4,  p.  241-72. 

.  1932.  Seasonal  subsoil  temperature  variations.  J.  Agric. 

Res. ,  vol.  44,  p.  421-28. 

•  '939*  Value  of  mean  and  average  soil  and  air  temperatures. 

ProcT,  Soil  Sci.  Soc.  of  America,  vol.  4,  p.  4 i  -50 . 

SNCW,  ICE  AND  PERMAFROST  RESEARCH  ESTABLISHMENT.  1954.  Instructions  for 
making  and  recording  snow  observations.  Instruction  Manual  1,  Corps 
of  Engineers,  Wilmette,  III. 

SUGA,  TARO.  1954.  Studies  on  the  reflection  of  light  from  the  snow  sur¬ 
face.  Trans.  4l ,  SIPRE,  Corps  of  Engineers,  Wilmette,  III. 

SVERDRUP,  H.  U.  1954.  Some  problems  in  arctic  meteorology.  Pros., 
Toronto  Meteor.  Conference  of  1 933a  Royal  Meteor.  Soc.,  London, 

p.  69-73- 

TPiGmSGN,  WALLACE  A.  1934.  Soil  temperatures  at  Winnepeg,  Manitoba. 

Scien.  Agric.,  vol.  15,  p*  209-17* 

THCRHTHWAITE,  C.  W.  1 949 .  Determining  the  wind  on  the  soldier,  Part  IV, 
The  climate  of  the  soldier,  Env.  Prot.  Series  Rpt.  124,  OQMG,  Wash,, 
D.  C. 


.  1950.  Micrometeorology  of  the  surface  layer  of  the  atmosphere. 

Interim  Rpt.  9,  Publications  in  Cl imatoi  ogy,  Laboratory  of  Clima¬ 
tology,  The  Johns  Hopkins  Univ.,  Sfabrook,  N.  J. 

_ .  1957*  The  task  ahead  in  climatology.  Bull.,  World  Met. 

Organ.,  vol.  6,  p.  2-7* 

U.  S.  AIR  FORCE.  1952.  Climatology  chart  for  Big  Delta  Air  Force  Base. 

HQ.,  7th  Weather  Group,  Weather  Central,  USAF,  Anchorage,  Alaska. 

U.  S.  ARMY  AIR  FORCE.  1943a.  Climatic  atlas  for  Alaska.  Rpt.  444, 

Weather  Information  Br.,  Wash.,  D.  C. 

_ .  1943B.  Climatology  of  Alaska.  Supplement  to  Rpt.  444, 

Weather  Division,  Wash.,  D.  C. 

U.  S.  ARMY  CHEMICAL  CORPS.  1 956.  Chemical  Corps  Arctic  Test  Team,  Fort 
GuttLY,  Alaska.  Dugway  Proving  Ground,  Tooele,  Utah. 


150 


u.  S.  DEPARTMENT  OF  COMMERCE,  CIVIL  AERONAUTICS  ADMINISTRATION.  1956. 
SuRFACL  WEATHER  OBSERVATIONS  WBAN-1J  (CAA),  JUNE  195^  AND  DECEMBER 
1956,  Big  Delta,  Alaska. 

UNIVERSITY  OF  ALASKA.  1994.  Research  projects  current  in  the  Territory 
or  Alaska.  The  Scientific  Research  Information  Center,  College, 

Al  ASK  A • 

URDAHL,  THOMAS  H.  1949-  Less  need  for  degree  day  figures.  Heating, 
Piping  &.  air  Conditioning,  vol.  21,  p.  1 32 * 

VF.RNON ,  H.  M.  1932.  Measurement  of  radiant  heat  in  relation  to  human 
comfort.  J.  Induct.  Hygiene,  vol.  l4,  p.  95-1  H* 

VOEIKOF,  ALEXANDER.  1809.  Der  Einfluss  einer  Schneedecke  auf  Boden, 
Klima  und  Wetter.  Geographi sche  Abhanolungen,  Herausgegeben  von 
Albrecht  Penck,  Vi  enn a,  vol.  3,  1-.  317-^36* 

WAGER,  HAROLD  G.  1938.  Growth  and  survival  of  plants  in  the  Arctic. 

J.  Ecology,  British  Ecological  Soc.,  vol.  26,  p.  390-^10* 

WALSH,  K.  J.  1954.  Occurrence  of  blowing  snow  on  the  Greenland  Ice  Cap 
during  1953  -  1954.  Spec.  Rpt.  13,  Field  Operations  and  Analysis 
Br.,  SIPRE,  Corps  of  Engineers,  Wilmette,  III. 

WARNICK,  C.  C.  I953.  Experiments  with  windshi elds  for  precipitation 
gages.  Trans.,  Am.  Geophys.  Union,  vol.  34,  p.  379-88. 

WATERHOUSE,  F.  L.  1955-  Mi crocl 1 matologi cal  profiles  in  grass  cover  in 
RELATION  TO  BIOLOCICAL  PROBLEMS.  QUARTERLY  J.  ROYAL  METFOR.  Soc., 
VOL.  81,  p.  63-71* 

WENT,  F.  W.  1944.  Plant  growth  under  controlled  conditions.  Part  II. 
Thermoperiodicity  in  growth  and  fruiting  of  the  tomato.  Am.  J. 
Botany,  vol.  31 ,  p.  135"5°* 

WEYER,  EDWARD  M.  1956.  Daylight  and  darkness  in  the  higher  latitudes. 
Book  I,  The  Dynamic  North,  P-O3-7,  Tech.  Asst.,  to  Chief  of  Naval 
Oper.  for  Policy,  Project  (OP-O3A3),  Wash.,  D.  C. 

WOODCOCK,  A.,  PRATT,  R..  and  BRECKENRID3E,  J.  R.  1957 *  Theory  of  the 

GLOBE  THERMOMETER.  RES.  STDY.  RpT.  BP-7>  EnV.  PROT .  RES.  DlV., 

QM  R&E  Command,  Natick,  Mass. 


151 


ACKNOWLEDGEMENTS 


j  am  ! ndfbtep  to  many  people,  both  at  Harvard  and  elsewhere,  who  have 

ASSISTED  ME  WITH  THIS  WORK.  My  SINCERE  APPRECIATION  IS  EXPRESSED  TO  EVERY¬ 
ONE,  NOT  ONLY  THOSE  NAMED  SPECIFICALLY  BELOW,  BUT  ALL  OTHERS  WHO  HELPED 
I N  MANY  WAYS. 

To  THE  MEMBERS  OF  MY  IMMEDIATE  COMMITTEE:  THE  LATE  DR .  DERWENT  5. 

Whittlesey,  then  Cha  rman,  Department  of  Geography;  the  latc  Dr.  Charles 
f.  Brooks,  then  Director,  Thf  Harvard  Blue  Hill  Meteorological  Observa¬ 
tory;  Dr.  Hugh  Raup,  Director,  The  Harvard  Forest;  and  Dr.  John  P.  Miller, 
Department  of  Geology,  I  am  deeply  grateful.  Dr.  Brooks,  my  advisor  dur¬ 
ing  three  years  at  Harvard,  gave  me  invaluable,  patient,  and  painstaking 
guidance  during  the  preparation  of  this  study,  and  to  HIM  i  AM  ESPECIALLY 
indebted. 

I  AM  PARTICULARLY  FORTUNATE  IN  HAVING  HAD  THE  BENEFIT  OF  CONSULTATION 
AND  ADVICE  FROM  DR .  VICTOR  CONRAD,  RESEARCH  ASSOCIATE,  THE  HARVARD  BLUE 

Hill  Meteorological  Observatory. 

An  equal  debt  is  owed  to  my  teachers  of  earlier  years  at  Rutgers 
University,  the  California  Institute  of  Technology,  and  the  University  of 
Maryland,  particularly  to  Dr.  Erwin  R.  Biel,  Chairman,  Department  of 
Meteorology,  Rutgers  University,  who  first  stimulated  my  interest  in 

METEOROLOGY  AND  CLIMATOLOGY. 

This  study  is  the  final  phase  of  a  graduate  training  course  sponsored 
by  the  Quartermaster  Research  &  Engineering  Command,  U.  S.  Army,  Natick, 
Massachusetts.  Recommendation  and  approval  for  this  training  was  made 
by  Dr.  Austin  Henschel,  Chief,  Environmental  Protection  Research  Division. 

I  AM  SINCERELY  APPRECIATIVE  FOR  HAVING  BEEN  PROVIDED  WITH  THIS  OPPORTUNITY. 

I  AM  ESPECIALLY  GRATEFUL  TO  Dr.  HERBERT  H.  RaSCHE,  COLONEL,  QMC,  FOR 
HIS  PERSONAL  i NTEREST  IN  FURTHERING  MY  PROFESSIONAL  AND  ACADEMIC  TRAINING, 
AND  FOR  HIS  VERY  ABLE  AND  CONSTRUCTIVE  GUIDANCE  DURING  THE  PAST  i 0  YEARS. 

Special  thanks  are  due  Dr.  Hoyt  Lemons,  then  Director  of  Research, 
Environmental  Protection  Branch,  who  was  instrumental  in  first  encouraging 

ME  TO  CONTINUE  GRADUATE  STUDIES  IN  GEOGRAPHY. 

To  It.  Homer  D.  McKalip,  Officer-in-Charge,  and  members  of  Signal 
Corps  Meteorological  Team  Number  4,  Fort  Greely,  Big  Delta,  Alaska,  I 

EXTEND  MY  GRATITUDE  FOR  THEIR  PERSEVERANCE  INMAKING  DIFFICULT  MICROCLI¬ 
MATIC  MEASUREMENTS  AND  OBSERVATIONS  FOR  15  MONTHS. 

The  tedious  and  exacting  task  of  compiling  data  from  the  original 

RECORDER  CHARTS  WAS  PERFORMED  BY  MEMBERS  OF  THE  RECORDS  ANALYSIS  SECTION, 


152 


U.  3.  Weather  Bureau,  National  Weather  Records  Center,  Asheville,  North 
Carolina.  For  their  very  efficient  work  i  offer  my  thanks. 

Dr.  G.  William  Holmes,  Geologist,  Alaska  Terrain  and  Permafrost 
Section,  U.  S.  Geological  Survey,  and  Dr.  William  S.  Benninghoff,  Depart¬ 
ment  of  Botany,  University  of  Michigan,  gave  generous  help  and  advice  on 
matters  relating  to  the  terrain  and  vegetation  of  the  Big  Delta  area. 

Dr.  Troy  Pewe,  Alaskan  Geology  Branch,  U.  S.  Geclogical  Survey,  was  very 

KIND  IN  MAKING  AVAILABLE  UNPUBLISHED  MATERIAL  CONCERNING  THE  GEOLOGY  AND 
TOPOGRAPHIC  FEATURES.  MAJOR  JAMES  EVANS,  DETACHMENT  COMMANDER,  U.  S.  AlR 

Force  Weather  Station,  and  staff  members  of  the  Civil  Aeronautics  Admin¬ 
istration  Weather  Station,  Big  Delta,  were  most  helpful  in  providing  much 

OF  THE  INFORMATION  CONCERNING  SYNOPTIC  WEATHER  CONDITIONS,  AND  MANY  OF 
THE  CLIMATIC  DATA,  USED  IN  THIS  STUDY. 

Mrs.  Maria  Torok,  Technical  Library,  QM  R&E  Command,  was  very  help¬ 
ful  IN  OBTAINING  THE  MANY  REFERENCES. 

During  the  early  planning  of  this  study,  and  while  it  was  in  progress, 

I  HAD  THE  BENEFIT  OF  ADVICE  FROM  THE  LATE  SlR  HUBERT  WlLKINS,  GEOGRAPHER, 

QM  R&E  Command.  I  am  indebted  to  Sir  Hubert,  not  only  for  his  assistance 

IN  THIS  ENDEAVOR,  BUT  ALSO  FOR  HIS  VERY  GENEROUS  GUIDANCE  FOR  A  PERIOD  OF 
10  YEARS  ON  MATTERS  RELATED  TO  THE  MANY  PROBLEMS  ENCOUNTERED  IN  NORTHERN 
REGIONS. 

The  Cartographic  staff  of  the  Regional  Environments  Research  Branch 

DREW  IN  FINAL  FORM  THE  MAPS  AND  GRAPHS  INCLUDED  IN  THIS  STUDY.  I  PAR¬ 
TICULARLY  thank  Mr.  Roland  Frodigh,  under  whose  supervision  the  work  was 
done,  and  Mr.  Aubrey  Greenwald  and  Miss  Gertrude  Barry.  Cpl.  Vincent 
Miller  assisted  with  the  preparation  of  the  tables. 

All  graphs  used  in  the  study,  and  the  photographs,  were  reproduced 
in  the  Photographic  Laboratory,  QM  R&E  Command.  I  thank  Mr.  Charles 
Payne,  Mr.  Dorsen  Linnaberry,  and  Mr.  Harold  Hopkins  for  their  kind 
ASSISTANCE. 

During  the  preparation  of  the  final  report,  computations  were 
PERFORMED  BY  Mr.  JAMES  POWERS,  Mr.  OWEN  PaRMELE,  AND  MlSS  A.  GALUGAN, 
Statistical  Office,  Environmental  Protection  Research  Division. 

Mr.  Arthur  Dodd  and  Mr.  Sigmund  Falkowski,  Meteorologists,  Regional 
Environments  Research  Branch,  were  most  helpful  in  offering  advice  on 
MANY  TECHNICAL  PROBLEMS,  ESPECIALLY  THOSE  RELATED  TO  INSTRUMENTATION  AND 
TECHNIQUES  OF  MAKING  MEASUREMENTS. 

To  my  Mother,  I  owe  a  debt  of  gratitude  for  her  many  sacrifices 


’53 


i 


DURING  MY  SCHOOL  YEARS  AND,  IN  LATER  YEARS,  FOR  HER  CONSTANT  ENCOURAGE 
MENT. 


TO  MY  WIFE,  ROSiLYN,  I  OWE  THANKS  FOR  HER  AID  IN  EDITING,  TYPING, 
AND  PROOFREADING  THE  TEXT  AND  TABLES,  AND  ALSO  FOR  ASSUMING  THE  MAJOR 
PORTION  OF  THE  DUTIES  OF  A  HOME  AN"'  FAMILY  WHILE  I  CONTINUED  MY  STUDIES. 


F.  DE  P. 


Natick,  Massachusetts 
Flbruary,  i960 


APPENDIX 

MICROCLIMATIC  DATA  FOR  JUNE  1 956  AND  DECEMBER  1956 
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HOURLY  TOTAL,  KEAN  HOURLY  AND  DAILY  TOTAL  GLOBAL  SOLAR  RADIATION  (LhNGLEYs) 
AND  DIFFERENCES  EETA'KKN  WOODS  AND  OPEN  MICROCLIMATIC  STATIONS 
BIG  DELTA,  ALASKA 
(June  12  -  30,  1956) 

Hourly  *  Dally 


Hour 

Mean 

Difference 

Day 

Total 

Difference 

’WOODS 

OPEN 

OPEN-WOODS 

— 

WOODS 

OPEN 

OFEN-WOODS 

01 

0 

0 

0 

0 

12 

284 

723 

439 

39 

02 

0 

0 

0 

0 

13 

182 

572 

390 

32 

03 

0 

0.4 

0.4 

0 

14 

195 

559 

364 

35 

04 

0.5 

3.4 

2.9 

15 

15 

230 

661 

431 

35 

05 

1.7 

6.9 

5.2 

25 

16 

205 

511 

306 

40 

06 

3.9 

14.3 

10.4 

27 

17 

170 

530 

360 

32 

07 

5.9 

21.5 

15.6 

27 

18 

211 

562 

351 

38 

08 

8.9 

27.9 

19.0 

32 

19 

69 

221 

152 

31 

09 

10.7 

35.7 

25.0 

30 

20 

119 

287 

168 

41 

10 

12.1 

40.8 

28.7 

30 

21 

19 

79 

60 

24 

11 

19.6 

38.8 

19.2 

50 

%2 

129 

319 

190 

40 

12 

26.7 

45.2 

18.5 

59 

23 

185 

500 

315 

37 

13 

23.4 

43.7 

20.3 

54 

24 

179 

474 

295 

38 

14 

12.0 

44.3 

32.3 

27 

25 

225 

m 

a 

m 

15 

10.8 

35.4 

24.6 

31 

26 

193 

527 

334 

30 

16 

15.4 

31.8 

16.4 

48 

27 

111 

294 

183 

38 

17 

6.4 

24.2 

17.8 

26 

28 

101 

'sLe 

w,» 

164 

38 

18 

3.6 

19.5 

15.9 

18 

29 

a 

586 

a 

a 

19 

2.2 

11.1 

8.9 

20 

30 

m 

473 

a 

a 

20 

0.9 

6.3 

5.4 

14 

21 

0.1 

2.1 

2.0 

5 

22 

0 

0 

0 

0 

23 

0 

0 

0 

0 

24 

0 

0 

0 

0 

*  25th,  29th  and  30th  esdtted.  a  a  Biasing  data. 
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Table  A-2 
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Table  A-5 


Table  A-6 


Table  A -7 
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